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THE starting-out material in this study was columbite from Law- 
rence County, South Dakota. Its specific gravity equaled 5.86. 
It contained 81 per cent. of the mixed oxides of columbium and 
tantalum. The total quantity of substance decomposed by fusion 
with acid potassium sulphate (58.5 kilograms) was 21.3 kilograms. 
Each fusion was made in a platinum dish, using 100 grams of 
mineral and 275 grams of acid potassium sulphate. While still 
liquid the mass was poured into a porcelain dish. When cold the 
fusion separated readily from the dish and was broken into small 
pieces, which were boiled with water in large No. 11 evaporating 
dishes until thoroughly disintegrated, when they were transferred 
to precipitating jars and the hydroxides weshed by decantation 
until the wash-water gave no precipitate or only a slight pre- 
cipitate with ammonium hydroxide. The solution and the wash- 
ings were evaporated to dryness. The residue was designated 
part I. The moist hydroxides of columbium and tantalum were 
covered with ammonium sulphide and allowed to stand for several 
days. This ammonium sulphide solution was decanted and 
designated part II. The remaining oxides were finally treated 
with very dilute sulphuric acid and then thoroughly washed with 
water. The washings and the diluted sulphuric acid solution 
were also evaporated to dryness and marked part III. The 
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residue labeled part I contained potassium and the bases from 
the mineral in the form of sulphates. It was dissolved in water, 
poured into five-gallon jars and there precipitated with a slight 
excess of ammonium hydroxide. Having decanted the super- 
natant liquid the precipitate was washed once with water, after 
which the hydroxides were covered with a solution of ammonium 
carbonate and allowed to stand for several days. The ammo- 
nium carbonate solution was then siphoned off, acidulated with 
dilute hydrochloric acid, and any metal present precipitated 
with a slight excess of ammonium hydroxide. The hydroxide 
obtained in this way was dissolved in dilute hydrochloric acid, and 
an excess of ammonium carbonate, together with ammonium sul- 
phide, added to its solution. The iron separated in the form of 
sulphide and with it there was a small amount of titanium. The 
filtrate from this precipitate was boiled with hydrochloric acid and 
ammonium hydroxide added. The hydroxide which was pre- 
cipitated was ignited and tested as to its photographic power. It 
gave a picture after an exposure of five days. It contained 
uranium. It showed the greenish color characteristic of U.O,. 
After this it was fused with acid potassium sulphate, taken up 
in water and the solution boiled. A precipitate formed on covul- 
ing but disappeared on warming, thus indicating the presence of 
members of the cerium group or of zirconium. On the addition 
of ammonium hydroxide there separated a hydroxide which, 
after filtration and washing, dissolved completely in a solution 
of oxalic acid. This pointed to the presence of zirconium. The 
hydroxides were again precipitated, dissolved in sulphuric acid, 
and the solution neutralized with potassium carbonate and 
saturated in the cold with potassium sulphate. By this pre- 
cipitation the zirconium was obtained in the form of insoluble 
double sulphate, while the uranium remained in solution. After 
filtering out the zirconium potassium sulphate it was dissolved 
in hydrochloric acid and zirconium hydroxide precipitated 
with ammonium hydroxide. It was well washed with water and 
dissolved in hydrofluoric acid. An equivalent amount of potas- 
sium carbonate was added and, on evaporation, potassium zir- 
conium fluoride crystallized out. Three grams of this salt were 
obtained. 

Analysis.—o.5043 gram of the salt ignited with sulphuric acid 
gave 0.5272 gram of K,SO,+ZrO,, and contained 0.2212 gram 
of ZrO,, leaving 0.3060 gram of K,SO,. 
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Calculated for 





KoZrF,. Found. 
BION 25 vasdscecsecncos Sevcdece 41.05 40.47 
PGE Gg nicks cococwcncdenseaccutnees 58.95 59.52 
100.00 99.99 


The uranium in the filtrate from the zirconium was precipitated 
with ammonium hydroxide, dissolved in hydrochloric acid, and an 
excess of sodium hydroxide added to this to obtain any glucinum. 
This was not found. The uranium was changed to nitrate and the 
solution allowed to evaporate, when large characteristic crystals of 
uranium nitrate separated. The solution decanted from the 
original ammonium hydroxide precipitate, which contained 
manganese and allied elements, was treated with an excess of 
sodium carbonate. The precipitate produced was allowed to 
settle, the supernatant liquid decanted into other jars, and hydro- 
gen sulphide passed through it. A small amount of a black 
sulphide was obtained. It consisted of zinc, iron, copper and 
nickel (from the crucible tongs). The precipitate produced by 
sodium carbonate contained manganese, zinc and iron. Ten 
grams of it were dissolved in hydrochloric acid and the iron 
removed by the basic acetate method. The zine was then pre- 
cipitated as sulphide. The latter was changed to chloride and 
tested for gallium. Not a trace of the latter was found. Zine 
lines alone were shown in the spectrum. 

Tin and tungsten were contained in part II. Part III was not 
further examined. It may be concluded, therefore, that the 
columbite from South Dakota contains as acids: tantalum, colum- 
bium, titanium, silicon, zirconium, tin and tungsten; as bases: 
iron, manganese, zinc, uranium, copper (?) and nickel (?). 

The moist metallic acids, after having been washed with-dilute 
sulphuric acid, were brought into a large platinum dish and dis- 
solved in fairly concentrated hydrofluoric acid. This solution was 
then filtered, through a hot water funnel, from undecomposed 
mineral and from potassium silicofluoride (due to the presence of 
some potassium sulphate in the moist oxides). The hydrofluoric 
acid solutions were collected in large rubber dishes and sufficient 
potassium hydroxide was introduced to convert the tantalum into 
potassium tantalum fluoride, most of which separated out and was 
removed by filtration. This precipitate was dried as far as pos- 
sible by suction. It was washed once and then allowed to dry in 
the air. It weighed 11 kilograms. The mother-liquor from the 
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potassium tantalum fluoride was evaporated in stages, potassium 
hydroxide being added. The columbium separated usually in 
hexagonal, hard, short crystals, such as separate from a strongly 
acid solution containing an insufficient amount of potassium 
fluoride. The total residue obtained in this way amounted to 
about 8 to to kilograms. These residues were decomposed by 
treating them with twice their own weight of sulphuric acid, 
heating gently until the bulk of the hydrofluoric acid was ex- 
pelled, and then evaporating until the mass fumed strongly and 
maintaining the temperature until the excess of sulphuric acid 
had been almost completely driven out. Several hours were 
required for this. It is necessary in order to get rid of the hydro- 
fluoric acid. The residual mass was boiled with water to extract 
the bases which dissolved as sulphates. The insoluble hydroxides 
were thoroughly washed and dissolved in hydrofluoric acid. The 
first crop of crystals, obtained by evaporation with potassium 
hydroxide, was removed and the mother-liquor then evaporated 
to dryness with sufficient potassium hydroxide to change all of 
the metallic acids into double fluorides. A portion of these 
crystals (first crop) was dissolved in water and the tantalum 
removed by adding dilute potassium hydroxide to the solution, 
which, after the formation of a permanent precipitate, was boiled 
for some time. The precipitate consisted mainly of potassium 
tantalum oxyfluoride. It was filtered out and the filtrate evapora- 
ted to dryness. The residue was baked for some time at 200°. 
By this procedure some hydrofluoric acid was expelled and, 
on taking up the residue with water and boiling, more potassium 
tantalum oxyfluoride separated. By repetition of this process all 
of the tantalum was removed from the solution. The only test 
relied upon for the detection of tantalum was the solution of this 
precipitate in a drop of hydrofluoric acid and evaporation to 
crystallization. If needles separated, their solubility in water 
was used to ascertain whether they were potassium tantalum 
fluoride or potassium columbium oxyfluoride. It is true that this 
test consumes considerable time, yet it is the only satisfactory 
means of determining with which of the metals the chemist is 
dealing. The formation of a precipitate by protracted boiling 
of a dilute solution of potassium tantalum fluoride is not con- 
clusive, for Kriiss and Nilson! have shown that potassium colum- 


1 Ber., 1881, p. 1676 
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bium oxyfluoride deposits under like conditions a small amount 
of a salt containing less fluorine. Further, the double fluoride 
must be recrystallized several times, so that it will be sufficiently 
free from acid that tantalum, if it is present in small amounts, 
may be precipitated by boiling. 

Having freed the double fluoride from tantalum it was dis- 
solved in water and hydrogen sulphide conducted through its 
solution. A slight precipitate of platinum sulphide was ob- 
tained. The filtrate from it was evaporated to dryness and the 
residue baked. On dissolving in water more platinum sulphide 
was found, but when hydrogen sulphide was conducted through 
the filtrate no further precipitation took place. The first crop 
of crystals obtained by the evaporation of this solution showed the 
usual form of potassium columbium oxyfluoride. They were 
allowed to dry in the air and labeled crystals No. 1 (A). The 
filtrate from them was reduced to a small bulk. Strong hydro- 
fluoric acid was added when the needles of potassium columbium 
fluoride (K,CbF,) separated. These were dried between bibulous 
paper and labeled crystals No. 2 (B). Samples from these two 
crops of crystals were analyzed. 

Analysts of No. 1 (A): 

0.53 gram of salt gave 0.2346 gram of oxide and 0.3161 gram 
of potassium sulphate. 

0.2346: 0.3161 ::%/2: 174 x=R O,=258.2. 


Calculated for 


K,CbOF;. HO. Found. 
Wetec cecuscnaseuueteasneacers 57.81 59.64 
ORAD Gs cas. ccenvccscccddscesetaes 44.52 44.26 


The crucible in which the ignition of oxide occurred was stained. 
This was undoubtedly due to the presence of tin, which had not 
been removed, although hydrogen sulphide had been conducted 
through the solution of the double fluoride. 

Analysts of No. 2 (B): 

0.8428 gram of salt gave 0.3635 gram of oxide and 0.4803 
gram of potassium sulphate. 

0.4811 gram of salt gave 0.2082 gram of oxide and 0.2775! 
gram of potassium suphate. 

0.3635 : 0.4803 ::%/2:174 x = 263.4. 
0.2082 : 0.2775::%/2:174 ~=250.1. 


! Probably too high because it was not heated enough to expel all of the sulphuric 
acid 
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Calculated for Found. 
K.CbF; - = = 
BESO) aceedscevecessescssees 57-05 56.99 57.68 
GRIGG eo siscecevernssescenes 43.93 43-13 43.28 


Specific gravity of oxide (B): 
18.5924 pycnomieter -+ water, t= 15° 
0.2346 gram of oxide taken 


18.8270 
18.7760 pycnometer + water + oxide 0.2346 


0.0510 gram water displaced 0.0510 4.60 sp. gr. 





To determine the titanium content of the columbium oxide re- 
course was had to a comparison of the color tint produced by 
hydrogen peroxide in an oxalate solution against known amounts 
of titanium hydroxide dissolved in oxalic acid. Thus, 0.2262 gram 
of columbium oxide was fused with acid potassium sulphate and 
the fusion dissolved in oxalic acid and diluted to 50 ce. It gave 
a color equivalent to 0.4 cc. of the standard titanium solution 
(1 ce. contained 0.00106 gram of titanium dioxide). In other 
words, by this test the columbium oxide was thought to contain 
0.000424 gram of titanium dioxide, or 0.18 per cent. 

SOLUBILITY OF CRYSTALS A. 

One part of the salt was found to be soluble in a little over 12 
parts of water. This is the solubility of potassium columbium 
oxyfluoride. 


One hundred grams of the residues obtained by the evaporation 
of mother-liquors (page 1372) to dryness were dissolved in water and 
fractionally crystallized. After having removed as much of 
the tantalum as possible by introducing dilute potassium hy- 
droxide into the boiling solution until a rather considerable and 
permanent precipitate was obtained, the solution was boiled for 
some time. ‘The first fraction of crystals (2) and the third fraction 
of crystals (3) were removed, after which hydrofluoric acid was 
added to the mother-liquor, from which there separated a crop of 
needles, which we shall designate crystals 4. These last were 
recrystallized from hydrofluoric acid. They probably contained 
silicon and tantalum. The acid mother-liquors from _ these 
different crops of crystals were treated as described by Hermann.’ 
That is, they were treated with 20 parts or two liters of water and 

1], pr. Chem. [2], 15, 105 (1877). 
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150 grams of sodium hydroxide. A clear solution resulted, from 
which a fine crystalline precipitate separated. The filtrate from 
this precipitate gave no reduction test when treated with acid and 
zinc, nor was anything obtained from it after having added dilute 
sulphuric acid and a slight excess of ammonium hydroxide. It was 
free from earthy bases and metallic acids. 

The crystals of the sodium salt (2.5 grams), obtained as outlined 
in the last paragraph, dissolved almost completely in 20 parts of 
boiling water and separated in well-defined forms from the cold 
solution. A portion of this salt heated in a salt of phosphorus bead 
imparted a blue color to the latter in the reducing flame. 

The next step was to decompose the solution of this crystalline 
sodium salt with dilute sulphuric acid. The solution was hot. 
The precipitate which separated was thrown upon a filter and 
washed, after which it was dissolved in hydrofluoric acid and an 
equivalent amount of potassium carbonate added in order to 
form potassium columbium oxyfluoride. The solution was 
evaporated to dryness upon a water-bath, the residue repeatedly 
moistened, and evaporation to dryness repeated until the odor 
of hydrofluoric acid could not be detected by the smell; then the 
salt was baked, taken up in water, and the solution boiled for 
some time. A trace of tantalum oxyfluoride separated. It was 
filtered out. On evaporation to crystallization the leafy, charac- 
teristic crystals of potassium columbium oxyfluoride appeared. 
They were dried between bibulous paper and then analyzed. 

Analysis : 

0.5502 gram of salt gave 0.2452 gram of oxide and 0.3224 gram 
of potassium sulphate. 

0.2452: 0.3224::%/2:174 x= 264.6. 


Calculated for 


K.CbOF;. H2O. Found. 
ORIG, ccvesencesseaccssees 44.52 44.56 
WSO) oo cisnccnstessdasnccnenaeeaa 57.81 58.60 


A portion of crystals No. 4 (page 1374) was recrystallized and 
analyzed. 

0.5588 gram of sample gave 0.2407 gram of oxide and 0.3232 
gram of potassium sulphate. 


0.2407 ! 0.3232 ::%/2:174 % = 259.2. 
Calculated for 
KeCbF;. Found. 
ORB ci biecacssccpesccesasacscs 43.93 43.08 


WSO caivavcaesncccsecacascacecs 57-05 57-84 
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Analysis of recrystallized portion of crystals (4), page 137 
0.5588 gram of sample gave 0.2407 gram of oxide and 0.3232 
gram of potassium sulphate. 


0.2407 : 3232 ::%/2:174 X= 259.2. 
Calculated for 
KeCbF,. Found. 
ORING esccissciecerenssaensees «0 A393 43.08 
PRG) oasciccteststeounseroaincs 57-05 57-84 


The results of analysis as well as the behavior point to the fact 
that the oxide contained in these residues is mainly columbium 
oxide, Cb,O,, with a small portion of another oxide causing the 
equivalent weights obtained to be too low. These results may in 
part be due to the presence of some potassium silicofluoride, but 
more likely to potassium titanium fluoride.. Yet these last 
fractions of double fluoride in which the titanium should be con- 
centrated show only very small amounts. Starting with so 
much material the last fractions should show more titanium, if 
it is present in the mineral in appreciable amounts. 

The only tests for small amounts of titanium which we have are 
the hydrogen peroxide test of Schénn,' and the chromotropic 
acid test used by Geisow.” Of these the former is the only one 
relied on, and it offers the only direct evidence which we have 
for the presence of titanium in the potassium columbium oxy- 
fluoride obtained from columbite. 

The methods applicable in the preparation of columbium oxide 
relatively free from titanium are as follows: 

1. Crystallization of potassium columbium fluoride (K,CbF;) 
which is not isomorphous with potassium titanium fluoride. The 
difficulty in this case is that the hydrofluoric acid increases the 
solubility of the columbium body and decreases that of the 
titanium double fluoride so that the titanium would have less 
tendency to concentrate in the mother-liquors. 

2. Fractional precipitation with dilute ammonium hydroxide. 
The columbium hydroxide is precipitated first and the titanium 
concentrated in the last fractions. No fraction consists entirely 
of titanium hydroxide; even the last fraction is largely colum- 
bium hydroxide. 

3. The formation of the chloride or oxychloride of columbium 
and the chloride of titanium and separating these by distillation. 


1 Jsb., 1893, Pp. 901. 
2 Dissertation, 1902. 
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4. Treatment of the hydroxide with cold, fairly concentrated 
sulphuric acid, in which the titanium hydroxide should dissolve 
and leave the columbium. 

All of these methods were tried in the endeavor to obtain suf- 
ficient titanium from the columbium to identify it and prepare 
some of its derivatives, e. g., the potassium double fluoride. In 
order to try our method ‘‘1” the remainder of the residues (page 
1372)—2 to 3 kilos—was crystallized twice from hydrofluoric acid, 
thus getting potassium columbium fluoride (K,CbF,). The 
mother-liquors were united. They equaled 600 cc. They were 
neutralized with dilute ammonium hydroxide; the precipitated 
hydroxide filtered out and the filtrate made alkaline with a 
large excess of ammonium hydroxide, which gave a further pre- 
cipitate. This last hydroxide was filtered out and dissolved in 
hydrofluoric acid. Potassium carbonate was added and the 
solution evaporated to dryness on a water-bath, the residue taken 
up in water and crystallized. The crystals obtained were short, 
stubby needles. They were evidently not potassium columbium 
oxyfluoride (K,CbOF,). Their quantity was too small to re- 
crystallize, but they were analyzed: 

0.4672 gram of sample gave 0.1740 gram of oxide=37.6 per 
cent. 

0.4672 gram of sample gave 0.3050 gram of K,SO,=65.3 per 
cent. 

The specific gravity of the oxide was found to be 5.2, although 
too little of it was at hand for accurate work. The determination 
of the titanium in the oxide colorimetrically gave 0.0106 gram of 
TiO, =6.1 per cent. 

The salt originally taken showed 0.62 per cent. of its oxide to be 
titanium dioxide by the colorimetric determination, while the 
double fluoride of potassium and columbium obtained showed 
a titanium dioxide content equal to 0.25 per cent. of its oxide. 
Hence it would seem that by method ‘‘1”’ the titanium or oxide 
with lower specific gravity and molecular weight did concen- 
trate in the mother-liquors. 

Crystals 2 and 3 (page 1374) were combined. Their total weight 
was about 1 kilo. This, in portions of 100 grams at a time, was 
dissolved in about 2 liters of water and fractionally precipitated 
with ammonium hydroxide, using dilute alkali and working in the 
cold with constant stirring. The alkali was added until the solu- 
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tion was barely acid to litmus, the precipitate formed was filtered 
off and the filtrate made alkaline with an excess of the precipitant. 
This second fraction contained about 3-4 grams of oxide from 
each 100 grams of double fluoride taken. ‘These ten last fractions 
were combined and dissolved in hydrofluoric acid, 15 grams of 
potassium hydroxide added, then dilute ammonium hydroxide 
until slightly acid, and the precipitate filtered out. It was 
marked A. Ammonium hydroxide was then added to the 
filtrate until litmus showed the reaction to be just neutral. The 
precipitate was designated B. C was obtained in the fil- 
trate from B by adding a large excess of ammonium hy- 
droxide. It, C presumably, should contain most of the titanium 
from the 1,000 grams of double fluoride taken. The oxide actually 
present in it was changed to double fluoride by dissolving in 
hydrofluoric acid and adding potassium carbonate. The first 
crop of crystals was obtained from strong hydrofluoric acid. 
It recrystallized from the same in needles. These were analyzed: 

0.6954 gram of sample gave o.3018 gram oxide and 0.3900 
gram potassium sulphate. 


0.3018 : 0.3900::%/2:174 x= 269.3. 
Calculated for 
SoCbF;. Found. 
ORANG iss'sscccesoascovncenesones 57-05 56.09 
NSO eeosacessecsssesscdens ceases 43-93 43.40 


The specific gravity of the oxide equaled 4.45. 0.3 gram of it 
showed the presence of the equivalent of 0.0025 gram of TiO,, or 
0.83 per cent. 

The needles from C, not taken for analysis, and the mother- 
liquor were combined and evaporated to dryness on a water-bath 
to expel the excess of hydrofluoric acid. This was repeated once. 
The solution of the salt was then fractionally precipitated with 
ammonium hydroxide, the fractions up to the point where litmus 
showed a slightly alkaline reaction being discarded, when the fil- 
trate from them was made strongly alkaline with ammonium hy- 
droxide. The precipitate obtained was changed to its potassium 
double fluoride. About 2.5 grams of the double salt were obtained. 

Analysts: 

0.7248 gram of sample gave 0.3014 gram of oxide and 0.4205 
gram of K,SQ,. 

0.3014: 0.4205 ::%/2:174 X= 249.4. 
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Calculated for 


K,CbOF;.H20. Found. 
ORIR Ces occas sssucesasasesssses 57-81 58.02 
GON es. scctccuccscsteccesetes 44.52 41.58 


The specific gravity of the oxide was found to be 4.667. 0.2930 
gram of oxide gave a color with hydrogen peroxide equivalent to 
0.0322 gram of TiO,=11 per cent. 

The crucible in which the oxide was ignited was deeply stained. 
The analysis and the color test showed the presence of titanium, 
while the stain on the crucible and the high specific gravity of 
the oxide could be due to tin in considerable amount, which is 
precipitated in the last fractions on fractional precipitation with 
ammonium hydroxide. 

The crystals and the mother-liquor remaining from this salt 
were dissolved in boiling water and an excess of sodium hydroxide 
added, when a heavy flocculent precipitate separated. This was 
filtered, boiled with water and the insoluble portion changed to 
double fluoride. It was again taken up in boiling water and an 
excess of sodium hydroxide added. The precipitation was not 
complete. The portion precipitated was treated with boiling 
water, filtered, and the filtrate found to contain a large amount of 
titanium. That portion of the precipitate insoluble in water was 
changed to double fluoride. 

Analysts : 

0.5570 gram of sample gave 0.2248 gram of oxide and 0.3468 
gram of K,SO,. 

0.2248 : 0.3468 :: x/2:174 x=225.6. 

The specific gravity of the oxide was found to be 4.2. The 
oxide gave a color with hydrogen peroxide showing the presence 
of about 21 per cent. titanium dioxide. 

Crystals A (page 1373) were changed to double fluoride and 
recrystallized. 

Analysis : 

0.7184 gram of sample gave 0.3188 gram of oxide and 0.4176 
gram of potassium sulphate. - 

0.3188: 0.4176::x/2:174 x= 265.7. 


Calculated for 


KeCbOF;. H20. Found. 
OOS cicocevasctecsesecr ene 44.52 44.38 
SO castiacs cuocscacceneescees 57.81 58.13 


The specific gravity of the oxide was found to be 4.481. 
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0.3160 gram of oxide gave a color with hydrogen peroxide 
equivalent to 0.0022 gram TiO,=o.7 per cent. 
Crystals B (page 1373) analyzed as follows: 
0.8098 gram of sample gave 0.3614 gram of oxide and 0.4708 
gram of K,SO,. 
0.3614: 0.4708 ::%/2:174 x = 267.0. 


Calculated for 


K.CbOF;. H2O. Found. 
ORE oo eiicccvsiessschdetesccrs 44.52 44.63 
EO ostaccdds cule iweccsanvonses 57.81 58.14 


The specific gravity of the oxide was found to be 4.864. 0.3600 
gram of oxide gave with hydrogen peroxide a color equivalent to 
0.0013 gram of TiO,=0.36 per cent. 

Having failed to get any evidence of the existence of neptunium 
in the last fractions of the double fluoride from the South Dakota 
mineral, it was decided to test some of the mineral from Haddam, 
Conn., the source of the material used by Hermann in his investi- 
gation. The last fractions of the potassium double fluoride from 
5.87 kilos of columbite from Haddam, Conn., amounting to too 
grams, were dissolved in boiling water and an excess of sodium hy- 
droxide added. The precipitate obtained was partly crystalline 
and partly flocculent, as described by Hermann. It was filtered 
out, dried on a porous plate, and boiled with 25 parts of water. 
The crystals dissolved, leaving a yellowish residue evidently con- 
taining much iron. This residue gave a yellow bead in the 
reducing flame containing so much iron that it was impossible 
with a small blowpipe to keep it all reduced. Is it not probable 
that this is what Hermann supposed was neptunium ? 

This salt was fused with acid potassium sulphate to remove the’ 
iron; the oxide remaining after extracting the fusion with boiling 
water was changed to double fluoride, dissolved in boiling water, 
and an excess of sodium hydroxide added. The precipitate ob- 
tained was crystalline and perfectly soluble in water, leaving an 
inappreciable residue, from all of which it may be inferred that 
the material from the Haddam locality showed no more evidence 
of neptunium than did that from South Dakota. 

Ten kilograms of the main bulk of the potassium columbium 
oxyfluoride were crystallized from strong hydrofluoric acid. Five 
hundred grams were taken at one time and the miother-liquors 
from the two fractions combined, evaporated one-half, and 
another crop of crystals removed. The mother-liquors from 
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these were united and evaporated, the crystals obtained were 
recrystallized, the mother-liquors from the recrystallization com- 
bined and evaporated to dryness with sulphuric acid. The 
oxide obtained from that portion evaporated to dryness was 5 
grams. The fraction of crystals immediately preceding, 60 
grams in weight, was decomposed with sulphuric acid and the 
oxide obtained from it. The 5 grams of oxide and about one- 
half of the oxide from the 60 grams of double fluoride were heated 
in carbon tetrachloride vapors, taking about 2 grams of oxide at a 
time. The more volatile portion, which should contain the most 
of the TiCl,, was distilled away from the CbOCI,. The portions 
of this liquid were combined, the oxides—3 grams—obtained 
from it, and these oxides again heated in carbon tetrachloride. 
Again only the liquid portion and that of the solid which was car- 
ried over mechanically was taken. The oxide from this portion 
was changed to double fluoride. 

Axalysts: 

0.5678 gram of sample contained 0.2196 gram of oxide and 
0.3390 gram of K,SO,. 


0.2196: 0.3390::%/2: 174 X == 225.4. 
Calculated for 
KsCbOF;. H20. Found. 
ORIN a fseiteseece cecen es centares 44.52 38.6 
Weg cccccscesscens eecenesacdees 57.81 59-7 


Amount of TiO, in the oxide 0.0594 gram = 29.7 per cent. 

The oxide from the salt taken for analysis was combined with the 
oxide from the double fluoride not taken for analysis, and this, with 
the remaining half of the oxide from the 60 grams of double fluoride 
mentioned above, was mixed with the oxide from all the previous 
double fluorides which had been tested for titanium and had 
shown its presence in a fair degree. This mixture of oxides was 
heated in a current of sulphur monochloride, the chloride formed 
collected in a receiver, and this was then heated until all of the 
sulphur monochloride was distilled out. This sulphur mono- 
chloride and any other chlorides which it might contain was again 
distilled to remove the last of the columbium chloride which 
might have been carried over mechanically. It was then treated 
with water and oxalic acid, the sulphur filtered off, and anv oxide 
dissolved in the oxalic acid precipitated with ammonium hy- 
droxide. This hydroxide was changed to potassium double 
fluoride. 
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Analysis : 
0.5444 gram of sample gave 0.1952 gram of oxide and 0.3850 
gram of potassium sulphate. 


0.1952: 0.3850:: x/2:174 X=175.9. 
Calculated for Calculated for 
K,CbOF;. HO. KoTiFs. Found. 
ORIG Chi sncsescassccece sites 44.52 33,33 35 85 
ESOS Os trlacawe hausianenweeeeew 57.81 72.50 70.72 


0.0310 gram of the oxide was found to contain 0.244 gram TiO,, 
or 78.7 per cent. 

A solution of the oxide in hydrochloric acid reduced with zinc 
to an amethyst or violet color; the oxide also gave a violet titanium 
bead in the reducing flame with salt of phosphorus. 

It would seem that about 80 per cent. of the oxide from this 
double fluoride was titanium dioxide. 

The remainder of the double fluoride, about 0.5 gram, was dis- 
solved in the mother-liquor from which it came by heating, and 
an excess of sodium hydroxide added. A flocculent precipitate 
formed. After cooling, this was filtered off and the filtrate acidi- 
fied with hydrochloric acid and tested for metallic acids with am- 
monium hydroxide. A precipitate was obtained, which was 
filtered out and, after washing thoroughly, dissolved in hydro- 
chloric acid. 

Upon passing hydrogen sulphide through this solution a heavy 
precipitate of vellow stannic sulphide was obtained, showing that 
tin had been carried over with the titanium by the sulphur mono- 
chloride. 

The precipitate formed by the excess of sodium hydroxide was 
drained thoroughly and boiled up with water. Nothing went into 
solution, as would have happened had there been any sodium 
columbate in the precipitate. This well-washed precipitate was 
dissolved in hydrofluoric acid and potassium carbonate added to 
change it to the potassium double fluoride. 

Analysis of the crystals obtained: 

0.1893 gram of sample gave 0.0642 gram of TiO, and 0.1366 
gram of K,SQ,. 


Calculated. Found. 
ORAGEs sscvadscazecdeagoccteouss 33-33 33-91 
PROS scikccesas doenpsadacseseaine 72.50 72.16 


The determination of the titanium dioxide colorimetrically 
gave 0.0636 gram. The salt was undoubtedly potassium tita- 
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nium fluoride, proving conclusively the presence of titanium in 
columbite. 


BEHAVIOR OF SOLUTIONS OF THE DOUBLE FLUORIDES OF COLUM- 
BIUM AND OF TITANIUM WITH A VARIETY OF BASES. 

Excess of sodium hydroxide was found to precipitate titanium 
completely from a solution of potassium titanium fluoride, while 
with potassium columbium oxyfluoride it gave a precipitate 
soluble in slight excess but again insoluble and separating in a 
crystalline form from a large excess of the sodium hydroxide. 
The precipitate formed in the case of the titanium was insoluble 
in water, while in the case of columbium the crystalline deposit 
was completely soluble in hot water. It was hoped that this 
difference of behavior might afford a means of separating these 
two elements. To test this, experiments were tried as follows: 

(1) 0.9600 gram of K,CbOF,+H,O, containing 0.4272 gram 
of Cb,O,, and 1.1600 grams K,TiF,, containing 0.3753 gram of TiO,, 
were dissolved in 200 cc. water, brought to boiling and an excess 
of sodium hydroxide added. The precipitate which formed was 
partly crystalline and partly flocculent. The solution was allowed 
tostand over night. The precipitate was filtered out, drained, and 
washed back into a platinum dish. It was covered with 200 cc. 
of water, brought to boiling, filtered hot, and washed with hot 
water. The filtrate which should contain most of the columbium 
and none of the titanium was brought to boiling and sulphuric 
acid and ammonium hydroxide added. The hydroxide obtained 
was ignited to oxide and weighed 0.1640 gram. It was found to 
contain o.o117 gram of TiO,. The titanium content was deter- 
mined colorimetrically by fusing with potassium acid sulphate, 
dissolving the fusion in oxalic acid and comparing the color de- 
veloped with hydrogen peroxide with that of a titanium solution, 
of known strength, in oxalic acid. 

Part insoluble—o.2749 Cb,O,, 0.3636 TiO,. 

TiO,.4Cb,0, soluble portion; Cb,O;.4TiO, insoluble portion. 

(2) A mixture containing 0.1270 gram K,TiF,, or 0.0423 gram 
TiO, and 2.5280 grams K,CbOF,.H,O, or 1.1376 grams Cb,O,, was 
treated as above. The precipitate was nearly all crystalline. That 
part of it insoluble in water weighed 0.0470 gram and contained 
0.0074 gram of TiO,, leaving 0.0349 gram of TiO, in solution (by 
far the greater quantity). 
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(3) 0.2830 gram K,TiF,, containing 0.0943 gram TiO,, and 
2.7040 grams K,CbOF,.H,O, containing 1.2168 grams Cb,O,, were 
treated as before. The precipitate was chiefly crystalline. A 
‘small part of it was flocculent. The part insoluble in water 
weighed 0.0740 gram and contained 0.0148 gram TiO,, showing 
that 0.0795 gram TiO, went into solution and would be found with 
the bulk of the columbium. 

(4) 0.6790 gram K,TiF,, containing 0.2263 gram TiO,, and 
2.2530 grams K,CbOF,.H,O, containing 1.0139 grams Cb,O,, were 
treated as before. The precipitate contained a considerable 
amount of flocculent material. The part insoluble in water 
weighed 0.1720 gram and contained 0.0710 gram TiO,, leaving 
0.1553 gram of TiO, in solution. 


The action of potassium hydroxide was also tried. It gave a 
precipitate with columbium, soluble in an excess, and reprecipi- 
tated by greater excess. When the solution was evaporated pearly 
plates of potassium columbate separated out. With a solution of 
K,TiF, a heavy precipitate was obtained, but the filtrate gave a 
slight test for titanium. 

1.3130 grams K,TiF,, containing 0.4377 gram of TiO,, and 
1.0060 grams K,CbOF,.H,O, containing 0.4467 gram Cb,O,, were 
dissolved in 200 cc. of water and the solution brought to boiling, 
when an excess of potassium hydroxide was added. The pre- 
cipitate obtained weighed 0.5900 gram after ignition. The 
filtrate gave a very pronounced test for titanium. 

Solutions of K,TiF, and K,CbOF, were studied with various 
organic bases in the hope that differences of behavior might pre- 
sent themselves which would lead to a quantitative separation of 
these two elements. 

Reagent. Solution of K,TiFs. Solution of KeCbOF;. 

1. Monomethylamine, Precipit. complete, Precipit. soluble excess. 
2. Dimethylamine, es = “s as et 

3. Trimethylamine, 
4. Tetramethylamine, 
5. Monoethylamine, 
6. Diethylamine, 

7 


. Triethylamine, - - ‘« by large excess. 


insoluble excess. 
dif. soluble in water. 
- eS “s soluble excess. 


“ce oe “e “eé “ec 


do 


. Dipropylamine, 
g. Amylamine, 
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Reagent. 


10. 
rE. 
$2. 
13. 
14. 
15. 
16. 
17; 
18. 
19. 
20. 
21. 
22. 


ey 


23. 
2 
25. 
26. 
a7. 
28. 
29. 


+ 


> 
N 


Isobutylamine, 
Allylamine, 
Ethylenediamine, 
Propylenediamine, 


Butylenediamine (secondary), 
Butylenediamine (normal), 


Hexylamine, 
Benzylamine, 
Benzylmethylamine, 
Piperidine, 
Camphylamine, 
Dibenzylamine, 
Pyridine, 
Diisobutylamine, 


. Tripropylamine, 


Diamylamine, 
Heptylamine, 


Toluylenediamine (meta), Partial precipitation, 


Picoline, 
Triisobutylamine, 


o. Bornylamine, 
. Aniline, 


. Toluidine (7), 
. Monomethylaniline, 


. Monoethylaniline, 
. Isoquinoline, 

. Quinoline, 

. Hexylmethylenetetramine, 


. Bromaniline (2), 
. Chloraniline (0), 

. Dichloraniline, 

. Diethylaniline, 

. Chloraniline (f), 

. Dimethylaniline, 

. Xylidine (f), 


. Xylidine (0), 

. Xylidine (), 

. Tetrahydroquinoline, 
3. Benzylaniline, 


Solution of KaTiF,. 
Precipit. complete, 


“ce “oe 


Solution of KeCbOFs;. 
Precipit. soluble excess. 


es “ce “ce 


slightly soluble excess. 
Precipit. complete. 


“ “cc 


“ oe ce “ee 
Slight precipitation, *s nearly but not 
quite complete. 
“9 5 ss not complete. 
Precipit. not complete, ‘‘ heavy but not 
complete. 
Slight precipitation, ss s 7 
be " after ‘* - 
24 hours, 
Slight prec. on standing, ‘‘ | slow—incom- 
plete. 
gf ae ee ‘¢  heavy—incom- 
plete. 
“ 5 si ‘« nearly com- 
plete. 
“¢ = “ ‘¢  heavy—incom- 
plete. 


No precipitation, 


oe “ee 


Slight prec. on standing. 


“cc ‘ 


Precipit. slow—incom- 
plete. 


“ “é ce 


sc “é “cc 


Slight prec. on standing. 


No precipitation. 
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Reagent. Solution of KeTiF,. Solution of K,CbOF.:, 
49. Diphenylamine, No precipitation. No precipitation. 

50. Tribenzylamine, ae ee ae “ 

51. Naphthylamine (3), 
52. Naphthylamine (a), 
53. Nitronaphthalene, 

54. Bromphenylhydrazine, 
55. Nitrophenylhydrazine, 
56. Benzidine, 

57. Nitraniline (0), 

. Nitraniline (f), us ag 
59. Nitraniline (#2), 

60. Diphenyl, 

1. Diphenyl carbonate, 
62. Methyl carbonate, 
63. Ethyl carbonate, 
64. Piperine, 

65. Monochlorhydrin, 
66. Trichlorhydrin, ae ss 
67. Dibromhydrin ({), 

68. Nitrosodipropylin, 

69. Nitrosodiethylene, 

70. Nitrosodimethylene, 

71. Succinimide, 

72. Methyldiphenylamine. 
73. Tetranitromethylaniline, 
74. Bromaniline, 


on 
x 


4 


The behavior of the bases which react with the above solutions 
of titanium and columbium may be divided into the following 
classes : 

(1) Those which precipitate the titanium completely, and while 
they precipitate the columbium dissolve it upon the addition of an 
excess of the reagent to form columbates. This class, while show- 
ing pronounced difference of behavior, is useless as a means of 
separation, for upon treating a solution containing both titanium 
and columbium with one of these reagents the titanium was found 
both in the soluble and in the insoluble portion. Columbium was 
also found in the titanium precipitate. The probable explanation 
for this is that a columbate was formed which dissolved the freshly 
precipitated titanium hydroxide to a salt of a complex titanoso- 
columbic acid, which was soluble, and also a small amount of an 
acid salt or a free acid containing an excess of titanium, which was 
insoluble. 

(2) To the second class of reagents belong those which precipi- 








ne 
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tate the hydroxides of the two elements and are not sufficiently 
basic to dissolve the columbium hydroxide and form columhates. 
Those reagents which are sufficiently basic to completely pre- 
cipitate the columbium are strong enough to partially precipitate 
the titanium. Quinoline seemed the most promising of all the 
reagents which were tried. 

(3) Those reagents which gave only a partial precipitation with 
columbium and no precipitation with titanium solutions did not 
precipitate columbium hydroxide free from titanium, from a 
solution containing both titanium and columbium. The hydroxide 
precipitated always gave a strong test for titanium after dis- 
solving it in oxalic acid. This may have been due in part to the 
extreme difficulty encountered in washing the precipitate free 
from mother-Lquor. 

(4) The remaining reagents precipitated neither titanium nor 
columbium. 


Reactions of the Double Fluorides of Columbium, Titanium, 
Tantalum, Tin and Tungsten with Various Reagents 
in Concentrated Sulphuric Acid. 


A small amount of the reagent was dissolved in eight to ten 
drops of concentrated sulphuric acid on a glazed porcelain surface 
and the crystalline double fluoride introduced into this acid 
solution. In most cases the color was destroyed upon diluting 
with water. No color was imparted to tin solutions by any of the 
reagents which appear below. 


Reagent. Ta. Cb. Ww. Fi. 
Codeine, No color, No color, Faint pink; may Light brown; on 
be due to mor- standing trace 
phine, purple. 
Morphine, E a1 mt Red to brown; Gray brown, be- 
yellow, very delicate, coming purple, 
H,O ppt. 
Resorcinol, No color, No color, Red-brown; Nocolor. 
fairly delicate, 
Naphthol (8), “ Faint yellow, Coffee-b ro wn ; Brown,becoming 
brown, very delicate, dark blue. 
Naphthol (a), “ Faint brown, Green to dark Deep blue; very 
greenish _ delicate. 
brown, 
Pyrogallol, “ Yellow to light Dull dark red, Deep red to 
brown, brown to dirty 


blue. 
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Reagent. Ta. Cb. w. Ti. 
Salicylic acid, No color, Very faint yel- Deep red, Reddish yellow. 
low, 
Cinchonidine, ee No color, No color, On standing a 
slight purple. 
Apomorphine, = Yellow brown, Light red-brown, Purple to brown 
to green and 
blue. 
Narceine, = Brownish yel- Brown, Dirty dark green, 
low, 
Bebeerine, es No color, Clear brown, Dark brown to 
green. 
Narcotine, ts Yellow, Brown, Light brown to 
green. 


Strychnine, quinidine, cinchonidine and atropine gave no color 
with any of the elements tested. Narceine and bebeerine alone in 
sulphuric acid gave a considerable color, and with them the 
amount of reagent used must be very small or it will obscure any 
change produced by the addition of the double fluoride. In this 
connection it is of interest to note that Levy! studied the colors 
produced by the phenol-like bodies, dissolved in concentrated 
sulphuric acid, when brought in contact with the oxides of tita- 
nium, tin, tantalum, columbium and other elements, with the 
following results. Columbium could be tested for in the presence 
of all the others by using codeine, as it gave a pink coior, while 
titanium vielded no color and tantalum but a faint green. Tita- 
nium could be tested for by using morphine, with which it gave a 
carmine color, columbium no color and tantalum a yellow cvlor 
passing into brown. Tantalum with resorcinol gave a dirty 
green color, changing to amethyst and rose, while titanium 
yielded a flesh-red color going to chocolate-brown, and columbium 
a yellowish tint. None of the results were duplicated save the 
morphine test for titanium, which proved exceedingly delicate, 
yet to have the color show definitely in columbium the latter 
must contain 0.5 percent. of titanium dioxide. Codeine gave no 
color with columbium, nor did resorcinol with tantalum, there- 
fore Levy could not have had pure material for his tests. 

In our use of these reagents we failed to find satisfactory tests 
except in the case of morphine for titanium. None answered for 
columbium in the presence of titanium or for tantalum in the pres- 
ence of columbium. Resorcinol proved to be a fairly delicate test 

1C. R., 103, 1074 and 1195. 
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for titanium. It gave no color with columbium, tantalum or 
tungsten. 


Action of Hydrochloric Acid Gas on Ignited Columbic Oxide. 

0.25 gram of ignited columbic oxide was completely volatilized 
in three hours in a current of dry hydrochloric acid gas. It vola- 
tilized as a white powder with no indication of reduction by change 
of color. The compound formed adhered to the walls of the glass 
tube, was insoluble in oxalic acid, and only very slowly soluble in 
concentrated sulphuric acid, requiring long boiling to dissolve a 
thin layer. It contained hydrochloric acid, as was shown by 
washing with ammonium hydroxide and testing the washings with 
silver nitrate and nitric acid. It would be very difficult to collect 
in a form convenient for analysis, yet this should be done, as the 
body evidently contains no water, as is given in the formula of a 
similar body obtained by Smith and Maas! by passing moist 
hydrochloric acid gas over the hydrated oxide. It is undoubtedly 
analogous to the body obtained on heating molybdie acid in 
hydrochloric acid gas, namely, MoO,.2HCl. It is likely Cb,O,. 
xHCl. 

Action of Sulphuric Acid on the Hydroxides of Columbium and Tita- 
nium after Precipitation by Ammonium Hydroxide from Solu- 
tions of Their Double Fluorides. 

The method used was to precipitate the hydroxides from a 
weighed amount of the double fluorides, filter and wash as 
thoroughly as possible, then transfer to a weighed platinum dish, 
reweigh, the difference being water, after which a weighed amount 
of sulphuric acid of definite specific gravity was added and allowed 
to stand in contact with the hydroxides for a definite time. The 
portion insoluble was filtered off, and the amount of oxide going 
into solution determined by precipitation with ammonium hy- 
droxide, igniting and weighing. The amount of titanium in the 
oxide which went into solution was determined colorimetrically. 

In making these trials columbium oxyfluoride was used in 
which the titanium oxide as compared with the columbium oxide 
was 0.00095 gram TiO,, or 0.41 per cent. The specific gravity 
of the sulphuric acid used was 1.145. 

Experiments. 
(1) One gram of K,TiF,, containing 0.3330 gram of TiO,, was 
' Z. anorg. Chem., 7, 96. 
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used to obtain the hydroxide. The latter was treated with 4o cc. of 
water and 70 grams of sulphuric acid. It dissolved completely in 
fifteen minutes. 

(2) 0.4450 gram of columbic oxide, in the form of hydroxide, was 
treated with 4o grams of water and 108 grams of sulphuric acid for 
one hour. Only a slight precipitate was obtained with ammonium 
hydroxide in the filtrate. It was not weighed but contained 
0.00032 gram of TiO,, or 0.07 per cent. of the total oxide taken, or 
one-sixth of the total TiO, present. 

(3) Columbic hydroxide, containing 0.4450 gram of oxide, was 
treated with 60 grams of water and 123 grams of sulphuric acid 
for four hours. The portion which dissolved equaled 0.0060 gram = 

.33 per cent., and contained 0.000424 gram of TiO,, or 7 per cent. 
of the oxide dissolved and about one-fourth of the total titanium 
present. 

(4) The hydroxide from 3 grams of columbium oxyfluoride, 
equivalent to 1.35 grams of oxide, was allowed to stand in contact 
with 50 grams of water and 100 grams of sulphuric acid for seven- 
teen hours. The acid solution showed 0.0236 gram of oxide = 1.75 
per cent., containing 0.000954 gram TiO,=4 per cent. of oxide 
dissolved or 17 per cent. of the total TiO, present. 

(5) A hydroxide containing 0.445 gram of oxide when treated 
with 57 grams of water and 85 grams of H,SO, (sp. gr. 1.435) for 
forty-five hours showed in solution 0.0500 gram=TI1I.1 per cent., 
containing 0.0008 gram TiO,=1.6 per cent. of the oxide dissolved 
or 43 per cent. of the total TiO, present. 

Known amounts of the two hydroxides were next treated to- 
gether as in the following experiments. 

(6) 0.2816 gram of K,TiF,, containing 0.0939 gram of TiO., and 
0.5078 gram of K,CbOF;.H,O, containing 0.2255 gram Cb,0O,, 
were treated with 50 grams of water and 15 grams of sulphuric acid 
(sp. gr. 1.435) for four hours. The amount of oxide remaining 
insoluble was only 0.07 gram. It was not examined as to its 
titanium content. 

(7) The hydroxide from 0.2420 gram K,TiF,, containing 0.0807 
gram TiO,, and that from 0.3454 gram of K,CbOF,.H,O, containing 
0.1537 gram ot Cb,O,, were covered with 70 grams of water and 5 
grams of sulphuric acid (sp. gr. 1.435). The amount of oxide in 
solution after four hours was 0.0800 gram, corresponding well with 
the weight of the oxide of titanium present, but the insoluble 
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portion was found to contain 0.0350 gram of titanium dioxide, deter- 
mined colorimetrically, so that only about one-half of the titanium 
hydroxide had been dissolved out while nearly as much columbium 
hydroxide had gone into solution. The acid used would not have 
dissolved any columbium hydroxide had it been free from tita- 
nium hydroxide: further it would have dissolved out all of the tita- 
nium hydroxide had it not been mixed with the columbium hy- 
droxide. It may, therefore, be concluded that this method of 
separation is worthless. It remains to be seen how haloid acids 
would act. , 
The Chromotropic Acid Test for Titanium. 

Geisow' observed that the color developed by chromotropic 
acid with titanium solutions offered a very delicate test for that 
element. In concentrated solution it gives a deep red, in dilute 
solutions, a pink color. The color-giving compound was isolated 
by Geisow and found to have the following composition: one 
molecule of chromotropic acid to 4 of TiO, and 9 of H,O. 

As it was most important to find some means of estimating the 
amount of titanium in columbium we were induced to study this 
reaction of Geisow, using solutions of titanic hydroxide in oxalic, 
sulphuric and hydrochloric acids. 

Solutions used : 

(A) 0.53 gram of TiO, dissolved in 3.42 grams of oxalic acid 
and diluted to 500 ce. i cc.=0.00106 gram of TiO, and con- 
tained 0.00684 gram of oxalic acid. 

(B) Ten ce. of (A) diluted to 100 ce. 1 ce.=0.000106 TiO,. 

(C) Ten ce. of (B) diluted to 100 ce. 1 cc. =0.0000106 TiO,,. 

(D) Ten grams of oxalic acid in 100 ce. 1 cc.=0.1 gram of 
oxalic acid. 

(E) One gram chromotropic acid in 100 ce. 

Fifty cc. Nessler tubes, one inch in diameter, were used for all of 
the tests. 

0.5 ec. of (E) in 50 ce. of water gave a mere trace of color, for 
which reason the solution to be tested was always compared 
with another tube containing the same amount of chromotropic 
acid, thus making allowance for the slight color given by the solu- 
tion of that reagent. : 

0.15 cc. of (C) gave a faint pink color when added to 50 cc. of 
water containing 0.5 cc. of (EF); 0.00000159 gram of TiO, in 50 


! Dissertation, (1902). 
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cc. of water gave a change of color; 0.3 cc. of the same solution 
gave a very distinct coloration, or 0.00000318 gram of TiO, in 
50 cc. More than 1 cc. of the chromotropic acid gave so much 
color as to interfere with the delicacy of the test. 

Effect of Oxalic Acid. 

One cc. of (E). 

One cc. of (D), or 1 gram of oxalic acid in 50 cc., required 2.6 
cc. of titanium solution (C) to show the characteristic pink color, 
or 0.0000275 gram of TiO,. 

One cc. of reagent was adopted as the amount best suited to 
use and was the amount taken in all of the following cases unless 
otherwise stated. 

With 0.2 gram of oxalic acid, 0.0000339 gram of TiO2, in 50 ce. 
gave a pink color. 

With 0.5 gram of oxalic acid, 0.0000275 gram of TiO, was re- 
quired to give the test for titanium. 

1.0 gram of oxalic acid required 0.0000244 gram of TiO, to give 
the test. 

In the presence of 2.0 grams of oxalic acid, 0.0000244 gram of 
TiO, gave a distinct pink color in 50 cc., while with 5.0 grams of 
oxalic acid, 0.0000265 gram of TiO, gave a color. 

The amount of oxalic acid seems to have little effect although 
the presence of the acid diminishes the delicacy of the test, but 
this is independent of the amount of the acid present when more 
than o.1 gram is used. 

Effect of the Presence of Hydrochloric Acid. 

The solution of hydrochloric acid used was one part of concen- 
trated acid to five parts of water. 

With 1 cc. of hydrochloric acid (1:5) and 1 cc. of chromotropic 
acid in 50 cc., 0.0000795 gram of TiO, gave a distinct pink color. 

With 2 cc. of hydrochloric acid (1:5) 0.00017 gram of TiO, was 
required to give the color. 

When 5 cc. of hydrochloric acid (1:5) was used 0.000424 gram 
of TiO, gave a pink color t> 50 cc. 

Ten cc. of hydrochloric acid (1:5) required 0.000848 gram of 
TiO, for the color. 

Twenty cc. of hydrochloric acid (1: 5) required 0.00169 gram of 
TiO, in 50 cc. to give a definite test for titanium. 

It may, therefore, be concluded that the destruction of the color 
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given by chromotropic acid is in proportion to the amount of acid 
present, so if this test is used hydrochloric acid should be absent. 


Effect of Sulphuric Acid. 


With 1 cc. of sulphuric acid (sp. gr. 1.435), 0.000318 gram of 
TiO, was required to give a pink color in 50 cc. of solution. 

With 2 ce. of sulphuric acid, 0.000742 gram of TiO, was required 
to give the titanium test. 

While more dilute solutions of sulphuric acid were not tried it is 
evident that the effect of the sulphuric acid is roughly proportional 
to the amount of acid present, and that any appreciable amount of 
this acid seriously interferes with the delicacy of the test. The 
same is true of hydrofluoric acid. 

In the presence of oxalic acid in any appreciable amount chromo- 
tropic acid will show 0.000025 gram of TiO, in 50 cc. very dis- 
tinctly. Half that amount could be detected but the color is very 
faint and its similarity to the color possessed by the solution of 
chromotropic acid itself renders the detection of this amount uncer- 
tain. In making the test it is best to avoid the presence of free 
mineral acids, as they interfere and generally in direct proportion 
to the amount of acid present. The neutral chlorides and sul- 
phates are without effect, as Geisow has stated. It is probable 
that the color developed in oxalate solution could be used to de- 
termine the amount of titanium present by comparison with the 
color developed by known amounts of titanic acid, but this 
method would offer no special advantage over the hydrogen 
peroxide method. 


The Action of Carbon Tetrachloride on the Oxides of Titanium, 
Columbium and Tantalum. 


According to Demargay' carbon tetrachloride vapor passed 
over the ignited oxides of columbium, titanium’ and tantalum 
changes them to chlorides—in the case of titanium with the 
formation of an intermedi te oxychloride. 

Lothar Meyer? found no action on oxide of titanium. He 
did not try the other two. 

Delafontaine and Linebarger® found that oxide of columbium 
was changed to oxychloride, CbOCI,, with the formation of a 


1 C..R., 104, Tit. 
° Ber., 20, 681. 
> This Journal, 18, 532. 
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small amount of the chloride. In the case of tantalum the oxide 
was not driven from the boat but remained behind as a pasty 
mass, suffering no change to chloride. They suggest this as a 
possible separation of the two elements columbium and tantalum. 

The vapor of carbon tetrachloride was found to act slowly on 
ignited titanic oxide at a low red heat, some chloride of titanium 
being continuously formed. In time all of the oxide was con- 
verted into chloride. 

The oxide of columbium is readily acted upon by carbon tetra- 
chloride even at a low red heat. The principal product is the 
white oxychloride. Some of the yellow chloride is simultaneously 
produced. It continues to be formed in small amounts as the oxy- 
chloride is sublimed in the vapors of carbon tetrachloride. Colum- 
bium oxide heated in a sealed tube with carbon tetrachloride, is 
completely changed to chloride after several hours at 200-225°. 
The chloride dissolves in carbon tetrachloride and separates from 
it in large, well-formed, needle-like crystals. 

The action of the vapors of carbon tetrachloride on ignited oxide 
of tantalum is rapid, contrary to Delafontaine and Linebarger, con- 
verting it into chloride, which can be readily freed from the carbon 
tetrachloride and thus obtained pure. If the carbon tetrachloride 
used contains traces of moisture, oxide will be produced by the de- 
composition of the chloride. This oxide dissolves in the fused 
chloride and remains as a glassy mass upon sublimation of the 
chloride. Therefore, care should be taken in the dehydration of 
the tetrachloride used ; otherwise the product will be contaminated 
with oxide. This seems to be the best method for the preparation 
of tantalum chloride in large quantities and in a high state of 
purity. The chloride is an excellent starting-out material for a re- 
determination of the atomic weight of tantalum, a number none 
too definite, as a study of the series of results obtained by Marignac' 
by the analysis of potassium tantalum fluoride and ammonium 
tantalum fluoride will show. 

The action of carbon tetrachloride on the oxide of columbium 
also affords an excellent method for the preparation of the oxy- 
chloride of that element. It is produced, however, in a very 
voluminous state, and mats together to a tough felt, completely 
stopping up any tube used in its preparation. When heated ina 
sealed tube it condenses on a warm surface to very compact lus- 

1 Z. anal. Chem., 5, 478. 
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trous silky needles. It is very difficult to remove the last traces of 

columbium pentachloride from this body. This may be done, 

however, by subliming it in a current of chlorine over ignited 
oxide, but as long as any carbon tetrachloride is present the colum- 
bium chloride will continue to be formed. To make the chloride 
of columbium it is necessary to have recourse to the action of sul- 
phur monochloride on the oxide or to act on the oxide with carbon 
tetrachloride in a sealed tube. 

Properties of Columbium Chloride. 

As already mentioned, columbium chloride is soluble in carbon 
tetrachloride, forming a yellow solution. It is much more 
soluble when hot than when cold and crystallizes out on cooling in 
well-defined crystals. It is also soluble in sulphur monochloride, 
the hot, saturated solution being red in color and depositing 
yellow crystals of the chloride on cooling. It dissolves in ether 
with a yellow color. On evaporating this solution on a water-bath 
a thick liquid remains, and an acid vapor is given off, but no crys- 
tals separate. Upon ignition the mass chars, then burns and 
leaves a residue of oxide. On passing dry ammonia gas into the 
ethereal solution of the chloride a heavy precipitate is formed. 
This is ammonium chloride and columbium nitride. On washing 
with water the ammonium chloride is dissolved out, leaving a 
white residue which reverts on ignition to oxide of columbium, 
and when boiled with sodium hydroxide gives off ammoniacal 
vapors, thus pointing to nitride of columbium, likely Cb,N;. 

Columbium chloride containing some sulphur monochloride was 
treated with benzene. The sulphur monochloride dissolved out, 
while the columbium chloride was decomposed, leaving an insol- 
uble gummy mass. Chloroform dissolved the chloride readily, but 
the solution seemed to undergo decomposition on warming and 
evaporating, as the liquid became brown and a brown powder sep- 
arated. No crystalline product could be procured. 

The chloride is also soluble in alcohol. In the cold there is no 
decomposition. On warming and concentrating the solution, acid 
vapors were given off, due perhaps, as H. Rose has suggested, to 
the formation of ethyl columbate. That there is no decomposition 
in dilute solution is shown by the formation of the compound 
CbCl;(C;H,,N),, which was obtained on adding piperidine to the 
alcoholic solution.1_ Other bases, such as aniline, pyridine, etc., 

1 Z. anorg. Chem., 36, 100. 
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gave addition products which were insoluble in the solvent. 

The best solvent for columbium chloride is carbon tetrachloride. 
In this solution reactions should take place, as they do with other 
chlorides in aqueous solution; also double chlorides, analogous 
to the double fluorides, should be formed by bringing together 
solutions of the chlorides in carbon tetrachloride. 

Potasstum Fluoxypercolumbate. 

When potassium columbium oxyfluoride is dissolved in 3 per 
cent. hydrogen peroxide the solution acquires a yellow color. 
When a saturated solution cools, a pasty mass of crystals separates, 
These are very hard to free from mother-liquor. When dry they 
have only a faint yellow tint. On dissolving in water, containing 
hydrogen peroxide, the solution again becomes yellow in color. 
The salt obtained in this way is potassium fluoxypercolumbate of 
the following composition—K,CbO,F;,.H,0O. 

Method of Analysts. 

The potassium was determined as sulphate and the columbium 
as oxide in the usual way, that is, expelling the fluorine with 
sulphuric acid, boiling with water, filtering out the insoluble 
columbium hydroxide and evaporating the filtrate to dryness and 
weighing the potassium sulphate after ignition. 

The oxygen and water were determined in another sample by 
weighing a portion of the substance in a tube sealed at one end, 
covering it with a plug of ignited asbestos, connecting with a gas 
burette and igniting. The oxygen was collected and measured, 
the tube was reweighed, the loss being water and oxygen. The 
water was obtained by difference. 

Analysis : 

0.4004 gram of the salt gave 0.1672 gram of oxide and 0.2196 
gram of K,SO,. 

0.4432 gram of the salt lost 0.0470 gram, which contained 17.9 
cc. of oxygen at 24° and under 742 mm. pressure, or 0.0229 gram, 
0.0241 gram—being water. 





the difference 


Calculated. Found. 
SOs scesiscen's casee sa geansdescoensnesssseesce 54.89 54.84 
ORIGE os cccsvsnccd vanccavedesscsteewentencasees 42.28 41.84 
OM ACUIGO Viac.ceciws ye etasesancvcbsseneeuseeses 5-05 5.16 
PAO 2. soncvccvicaearecosasvaca seceetes asaces<es 5.68 5.44 


This salt was obtained and the above composition ascribed to it 
by Piccini.' He regarded it as a derivative of percolumbic acid 


1 Z. anorg. Chem., 2, 21. 
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and not an addition product of potassium columbium fluoride 
and hydrogen peroxide, because the water was lost on heating at 
100°, while the oxygen did not escape until the temperature 
reached 150°. 

On crystallizing this salt from concentrated hydrofluoric acid 
and hydrogen peroxide in the hope of getting a perfluoride, large 
plates were obtained, which were quite yellow in color with a 
green tint when dry. They did not seem to differ if little or 
much hydrofluoric acid was used. The crystals taken for analysis 
were obtained from a solution consisting of one-half hydrofluoric 
acid, 48 per cent., and one-half hydrogen peroxide, 3 per cent. 
They were dried between filter-paper and promptly weighed out 
for analysis. 

Analysis : 

0.7260 gram of salt gave 0.3274 gram of oxide and 0.3982 gram 
of potassium sulphate. 

0.7482 gram of salt lost 0.0784 gram of ignition, 7. e., 29.1 cc. 
of oxygen at 24° and under 742 mm. pressure, or 0.0374 gram, 
the difference—o.o410 gram—being water. 


Calculated. Found. 
We sONy. =, <u ssskcsaccaedsacis dacetomasdaaceceves 54.89 54.85 
ORIN os os oacaeasanucan ne elcceie ets 42.28 42.34 
Oi CAQEIVE )oscc cc ccoceucaeacevectvesacsecdsees 5.05 5.00 
BR ONS siz cv ten ancadalany secetccneveresenseancates 5.68 5.48 


Hence it may be concluded that the salt obtained from strong 
hydrofluoric acid is the same as that obtained when hydrofluoric 
acid is not used. 

It would seem impossible to obtain a derivative of percolumbic 
acid which does not contain oxygen. 

The salt separates from solutions containing hydrofluoric acid in 
large well-formed plates, which may be easily measured. They 
are much easier to handle than when crystallized from a solution 
free from acid. The crystals are always greenish yellow in color. 

Piccini states that the salt obtained by him had a slight yellow 
tint, but that this color was completely removed by two recrystal- 
lizations from hydrogen peroxide. The salt obtained above was 
recrystallized six times from hydrogen peroxide containing hydro- 
fluorie acid. The crystals from the last crystallization were fully 
as highly colored as those which had not been recrystallized. They 
were then recrystallized twice from hydrogen peroxide containing 
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no acid. The resulting salt was practically colorless, but it dis- 
solved in water and hydrogen peroxide with a yellow color, which 
was intensified by the addition of hydrofluoric acid, and on evapora- 
ting again to crystallization the crystals were as highly colored as 
any obtained previously. 

The oxide from the double fluoride, originally used, gave a color 
equivalent to 0.4 per cent. TiO,. It was supposed that this color 
was due entirely to titanium and that the yellow color of the solu- 
tion and of the crystals of potassium fluoxypercolumbate was also 
due to this element. To test this supposition 1oo grams of the 
purest potassium columbium oxyfluoride were crystallized twice 
from strong hydrofluoric acid. The crystals obtained were de- 
composed with concentrated sulphuric acid, and the hydroxide 
after extraction with water ignited to oxide. The color which 
this oxide developed in oxalic acid solution with hydrogen peroxide 
was equivalent to 0.24 per cent. of its weight of titanic acid. It 
was now heated in sulphur monochloride and converted into 
chloride. The latter, together with the excess of monochloride, 
was collected in a receiver and the sulphur monochloride distilled 
out in the hope that any titanium tetrachloride present would be 
expelled with it. The chloride remaining after removing the 
sulphur monochloride was converted into oxide. It contained 
titanic oxide equivalent to 0.16 per cent. The oxide was again 
heated in sulphur monochloride and treated as before. After the 
second treatment the titanic oxide equivalent was 0.12 per cent. 
and the color now developed was different. It was greenish 
vellow instead of yellow inclining towards red, which is character- 
istic of titanium. About 5 grams of the oxide which had passed 
through this treatment were changed to double fluoride and 
crystallized from hydrogen peroxide and hydrofluoric acid. Its 
solution, in hydrogen peroxide, was yellow and its color increased 
in intensity on adding hydrofluoric acid. The crystals from it 
were canary-yellow with a tint of green, differing in no respect 
from those previously obtained. 

About to grams of this yellow salt were next dissolved in water 
and hydrogen peroxide. This solution was distinctly yellow in 
color. It was divided into two portions. To one portion 0.5 
gram of potassium titanium fluoride was added. The color in this 
portion became considerably deeper, but the excess of color was 
completely discharged upon adding hydrofluoric acid, the two 
solutions becoming again identical in color. 
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Potassium titanium fluoride dissolved in hydrogen peroxide to a 
deep yellow solution. On cooling crystals were deposited, 
which were not yellow but colorless when completely free from 
mother-liquor. The addition of hydrofluoric acid to the colored 
solution completely destroys the color, and in the presence of 
hydrofluoric acid the salt formed is white, resembling potassium 
titanium fluoride. When air-dried it gives off neither water nor 
oxygen on ignition. 

The only elements which give a distinctive color in acid solution 
with hydrogen peroxide and which might occur here are titanium, 
vanadium and molybdenum. Of these the first has been excluded 
and the second also by reason of the color which it gives (red to 
rose-red). There still remains molybdenum. Its color in an 
oxalic acid solution with hydrogen peroxide is identical with that 
observed in the case of the columbium as free from titanium as it 
could be obtained. Although the columbium oxide used for these 
tests had passed through several manipulations which should re- 
move molybdenum, such as, fusion with sodium carbonate and sul- 
phur, changing to chloride with sulphur monochloride and dis- 
tilling off the more volatile portion, it was thought best to deter- 
mine how much molybdenum would be required to give a test 
equal to that obtained from the purest oxide of columbium 
at hand. To this end weighed amounts of molybdenum were 
dissolved in oxalic and sulphuric acids, and the color, developed 
with hydrogen peroxide, compared with that obtained with a 
standard titanium solution of hydrogen peroxide. 

(1) 0.2780 gram of molybdic acid developed a color equivalent 
to 0.0048 gram TiO,, or 0.0058 gram of molybdic acid will give a 
color equal to that given under similar conditions by 0.ooo1 gram 
TiO,. 

(2) 0.0660 gram of molybdic acid gave a color equal to 0.0015 
gram TiO,, or 0.0044 gram of molybdic acid is equal to 0.0001 
gram TiO,,. 

The variation in these results is due to the difficulty in matching 
the different shades as to intensity of color. The average is about 
night, or o.oo50 gram of molybdic acid is equivalent to 0.0001 
gram TiO,. Calculating on this basis, the best oxide of columbium 
obtained, which gave a color equivalent to 0.12 per cent. TiO,, 
would contain 6 per cent. of MoO, if the color was due to the 
presence of molybdenum, which would be impossible after the 


















1400 ROY D. HALL AND EDGAR F. SMITH. 


treatments through which the oxide has passed. It had been 
crystallized twice as potassium oxyfluoride, fused with sodium car- 
bonate and sulphur, the tantalum removed, again crystallized as the 
oxyfluoride of potassium and twice from hydrofluoric acid as potas- 
sium columbium fluoride, then changed to chloride in sulphur 
monochloride, the sulphur monochloride and the more volatile 
portions distilled off and rejected, again changed to oxide and this 
treatment with sulphur monochloride repeated. The final oxide 
was converted into potassium fluoxypercolumbate and crystallized 
once from hydrogen peroxide and hydrofluoric acid. This salt 
was yellow in color, and 0.3540 gram of oxide from it, dissolved 
in oxalic acid, gave with hydrogen peroxide a color equivalent to 
0.000424 gram TiO, or 0.12 per cent. At the most it could not 
have contained more than a bare trace of oxide of molybdenum, 

0.3470 gram of the oxide from the yellow fluoxypercolumbate 
was dissolved in oxalic acid and chromotropic acid and diluted to 
5o cc. It gave a very slight pink color, about equal in intensity 
to the color developed in 50 cc. by 0.000025 gram TiO, in the same 
amount of oxalic acid on treating with chromotropic acid. This 
would correspond to less than 0.01 per cent. ot TiO, and is likely 
not very far wrong. 

From these experiments it may safely be concluded that the 
color produced in hydrofluoric acid solution of columbium with 
hydrogen peroxide is not due to the presence of titanium. Also 
it is likely that columbium itself gives a distinctive color with 
hydrogen peroxide, equivalent to from o.10 per cent. to 0.15 per 
cent. of its weight of titanium dioxide, yet yellow-green instead 
of straw-yellow, as is given by titanium in dilute solutions. Pos- 
sibly there may still be present some other element. For this, 
careful search will be made. 
Preparation and Analysis of the Yellow Oxide of Columbium. 
Hydroxide of columbium, containing 10 grams of oxide, was 
prepared by decomposing the double fluoride with sulphuric acid, 
evaporating off the excess of acid and extracting with boiling 
water. This hydroxide was washed repeatedly with boiling water 
and air-dried. It was covered with about 20 cc. of concentrated 
hydrochloric acid and brought to boiling for several minutes, until 
all of the lumps had thoroughly disintegrated, when it was diluted 
to about three times its original volume with water. A!I but a few 
particles were dissolved. This solution was filtered and an equ 
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volume of 3 per cent. hydrogen peroxide added. It became 
yellow and after a few minutes a yellow precipitate appeared. The 
solution was allowed to stand over night. The precipitate was 
then filtered out, washed with cold water, in which it was in- 
soluble, and air-dried. 

Under the above conditions about one-quarter of the oxide in 
solution was precipitated by the hydrogen peroxide. If the re- 
mainder of the oxide in solution were recovered and dissolved in 
hydrochloric acid, as before, a fresh portion of it could be pre- 
cipitated on adding hydrogen peroxide. The air-dried precipitate 
lost oxygen and water on ignition and regained its white color. 

As the precipitation of the columbium was only partial it was 
best to be certain of the identity of the portion precipitated. To 
this end 2.5 grams of the yellow oxide were obtained, ignited to 
remove the excess of oxygen, and changed to the potassium double 
fluoride. This analyzed as follows: 

0.6822 gram of the salt gave 0.3026 gram of oxide and 0.3966 
gram of K,SQ,. 


Calculated. Found. 
OI cnccccdvcevaecacvaceccaeneavscdeusesens 44.52 44.36 
BDO csc odsacecscensedsaipocnereeccesubantsens 57.81 58.14 


Hence the compound obtained is a derivative of columbium. 

Columbium is not precipitated from the solution remaining after 
the yellow precipitate has been filtered out, by an excess of ammo- 
nium hydroxide, until the hydrogen peroxide in the solution has 
been destroyed. 

Analysts of the yellow precipitate: 

0.1917 gram of sample gave 0.1298 gram of Cb,O,. 

0.2556 gram of sample gave 7.8 cc. of oxygen at 22° and under 

741 mm. pressure, equal to o.o1o01 gram. 


Percentage. Ratio. 

CDi Glagiccs cecvis czacscecocsesecseescosetecccosees 67.71 1.000 

Oi CACHIVE) <5 ccsccsseccssscacacevscsurssci3sa4 3.95 0.984 

FEO (Gtherence) i. -.<.c<cssesvesscsse<cces 28.34 6.240 
100.00 


This corresponds to Cb(OH),, or to Cb,O;H,O,.5H,O. 

Melikoff and Pissarjewsky' obtained a percolumbic acid of the 
formula HCbO,+”H,O by heating columbium hydroxide with 
30 per cent. hydrogen peroxide on a water-bath. They also 
obtained it by adding sulphuric acid to a solution of sodium per- 


1 Z, anorg. Chem., 20, 340. 
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columbate, dialyzing out the excess of sulphuric acid and the 
potassium sulphate, then evaporating the clear yellow solution 
to dryness on a water-bath. They describe it as a yellow amor- 
phous powder, insoluble in water. 

The color of these higher oxides seems characteristic of colum- 
bium and is certainly not due to the presence of titanium. The 
hydroxide obtained by Melikoff and Pissarjewsky contained twice 
as much active oxygen, in proportion to the columbium, as did the 
hydroxide obtained during this investigation. 


Difjerence in Solubility of Double Fluorides. 


It is of interest to note that the solubility of potassium titanium 
fluoride is increased upon the addition of hydrogen peroxide, while 
that of the potassium columbium oxyfluoride is decreased. In 
hydrofluoric acid this order is reversed, the columbium salt becom- 
ing more soluble and the titanium salt less soluble. This suggests 
alternating these solvents in the crystallization of columbium and 
potassium double fluorides as one of the best means tor removing 
titanium. 

Recrystallization from hydrofluoric acid in the form of K,CbF, 
will remove tin and probably also tungsten from impure potassium 
columbium oxyfluoride. Two recrystallizations from that solvent 
are sufficient to give an oxide, the ignition of which in a platinum 
crucible gave no stain on the crucible. If partially dried oxide 
wrapped in the filter-paper be ignited directly in a platinum 
crucible the presence of a stain on the crucible after removing the 
oxide will be a very delicate test for tin. It is likely that when tin 
is removed by crystallization tungsten is also, if they are present in 
about equal amounts and in such cases where the total amount is 
very small. The procedure would remove the necessity for the 
tedious sodium carbonate and sulphur fusions used in this work. 


Behavior with Precipitants. 


Pennington’ noted that disodium: hydrogen phosphate gave no 
precipitate in a solution of potassium columbium oxyfluoride, 
while it completely precipitated titanium from a solution of its 
double fluoride. This was studied briefly in order to determine 
if it might not serve as a quantitative separation of columbium 
from titanium. It was found that when the reagent was added 
to a solution containing a large excess of columbium and only a 


1 This Journal, 18, 38. 
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little titanium no precipitate was produced even on prolonged 
boiling. If the amount of titanium was increased slightly both the 
titanium and the columbium were completely precipitated by the 
disodium hydrogen phosphate. This reagent, therefore, does 
not separate the two elements. 

Geisow found that an alkaline formoxime solution precipitated 
zirconium and titanium, but did not precipitate columbium. 

Formoxime, or its polymerization product, was prepared by 
bringing together solutions of the calculated quantities of formal- 
dehyde, sodium carbonate, and hydroxylamine hydrochloride. 
The resulting solution gave no precipitate when added to a solu- 
tion of titanium as double fluoride, zirconium as double fluoride, or 
to a solution of columbium double fluoride. Further, after the 
addition of the formoxime solution, ammonium hydroxide failed 
to give a precipitate with any of the solutions noted above. It 
did, however, give a precipitate with tantalum double fluoride, 
but this was only partial. 

The statement of Geisow that titanium and zirconium can be 
separated from columbium by means of an alkaline formoxime 
solution was not verified. The precipitation with tantalum is 
only partial, and not complete as stated by him. 

It was noted! that potassium iodate gave a complete precipi- 
tation in a solution of potassium titanium fluoride, and no pre- 
cipitate with a solution of columbium double fluoride. Potas- 
sium iodate, free from periodate, was prepared, and it was found 
to give no precipitate with either columbium or titanium, except 
in acid solution, when both were precipitated. A solution of a 
periodate was not tried. 
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[CONTRIBUTION FROM THE JOHN HARRISON LABORATORY OF CHEM- 
IstRY, NO. 97.] 
ELECTROLYTIC CALCIUM. 

By JOSEPH H. GOODWIN. 

Received August 28, 1905. 
METALLIC calcium can be easily made in large quantities as 
shown by the following experiments which required only a short 
time and simple and easily constructed apparatus. The method 


! This Journal, 26, 1248. 
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used was the electrolysis of fused calcium chloride with a hollow 
cylindrical anode vessel of Acheson graphite (Fig. 1). At first 




















Fig. 1. Fig. 2. 


the bottom was closed by a smaller iron cylinder insulated from 
the graphite by asbestos, cooled by circulating water in it and 
having an iron rod projecting upward through its centre to form 
the cathode (Fig. 2). This was discarded because the calcium 
(1) often short-circuited the furnace by the formation of spongy 
metal, (2) was obtained in small pieces, (3) was difficult to re- 
move, and (4) was surrounded by molten calcium chloride with 
which it combined, greatly lowering the current efficiency. In 
connection with this form of cathode an attempt was made to 
use a cylinder of fine iron gauze to collect and retain the molten 
calcium, like the nickel gauze in the Castner sodium furnace, 
but the long-continued action of 225 amperes would not fill this 
gauze with calcium because it presented a large surface for the 
rapid recombination of the calcium: Ca+CaCl,=2CaCl.! The 
formation of calcium and chlorine almost ceases and active re- 
Borcher’s ‘‘Elektro-Metallurgie,’’ 1896, p. 78. 
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action and circulation are seen to take place in the molten elec- 


trolyte. 


In the satisfactory furnace (Fig. 3) the bottom of solid calcium 
chloride was maintained by the cooling effect of a copper coil (E, 
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Fig. 3 and Fig. 4) through which water was circulated. This coil 




















was insulated from the graphite by asbestos, but a Weston mil- 
liammeter indicated that it was carrying 0.17 ampere of the 
anode current (190 amperes) ; therefore, to prevent contamination 
of the bath by copper, a gravity cell (B, Fig. 5) was connected 
between the copper and the graphite and the milliammeter 
indicated 0.04 ampere flowing the other way. This very simple 
and efficient cooling coil was made by annealing four feet of 
5/,-inch seamless copper tube in a Bunsen flame, filling it with 
sand, plugging the ends and bending it easily into shape by hand. 

The new form of cathode was a °/,-inch iron rod (K, Fig. 3), 
dipping into the bath from above and capable of being raised or 
lowered by the screw mechanism O. As the calcium was de- 
posited on the end of this iron rod it solidified, due to the cooling 
effect of the cold upper part, the whole was gradually raised and 
the calcium itself conducted the current away and formed the 
cathode, continuing to grow in the shape of an irregular cylinder, 
J. This is simplicity itself because it accomplishes at once: 

(1) A method of making cylinders of calcium up to 4 cm. diam- 
eter and of any length desired with this small furnace. (When the 
limit of the screw is reached the clamp M can be loosened, lowered 
and a new hold taken.) 

(2) Quick removal of the calcium from the molten calcium chlo- 
ride, which is essential to maintain a fair current efficiency. 
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(3) Oxidation prevented by a covering of calcium chloride, fine 
particles being deposited by the bursting of bubbles of chlorine 
rapidly evolved at the anode. 

The furnace is shown in detail in Fig. 3, and all dimensions can 
be found by reference to the scale. The bricks A support the 
retort stand B, on which is a thick piece of asbestos, C, holding by 
the blocks D the copper coil E well up in the Acheson graphite 
anode F and insulated from it by the asbestos G. The iron bands 
H conduct the current from the positive cable I to the graphite 
vessel F. The calcium grows and forms the stick J, which is 
started by the iron cathode K connected with the negative cable 
L and supported by the clamp M, which is drilled and tapped at 
N to receive the screw O by which it can be raised or lowered. 
P is a tube sliding freely on the rod Q of the retort stand, and 
against which R is firmly screwed to make the clamp M fairly 
rigid without interfering with its vertical motion. Fluor-spar 
covers the copper coil and fills the space about it, while the furnace 
is filled with calcium chloride which becomes solid at S and is 
kept molten at T solely by the current passing through the furnace. 
The whole apparatus was set up inside an empty wind-furnace 
from which the grate bars had been removed. In this way the 
escaping chlorine was drawn from the room. Pure anhydrous 
calcium chloride was used, melted in a Dixon graphite crucible 
and added from time to time, but this was found to introduce 
much iron, aluminum and silicon from the clay binding used in 
the crucible, so that finally the chloride was added cold and 
melted by drawing an are from the iron rod K. Thus the furnace 
was filled sufficiently for a run. 

Fig. 5 is a diagram of the circuits. A direct current dynamo 














Fig. 5. 
supplied the current to the furnace line L at about 95 volts, 
having 250-ampere fuses at C and a double pole switch at S. 
Regulating resistance was supplied by a barrel of scda solution, 
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H, having two 1o-inch square cast-iron furnace doors for elec- 
trodes and capable of carrying 75 amperes, two pairs of two wire 
resistance frames R of 75 amperes capacity and 1 ohm resistance 
per pair in series, two wire resistance frames T of 10 amperes 
capacity and 8 ohms resistance each. A Siemens 320-ampere 
ammeter is indicated at A and a 150-volt Weston voltmeter at V. 
F is the calcium furnace and B the gravity battery to keep the 
copper coil from carrying any of the anode current. The anode 
was turned in a lathe from a 6-inch length of Acheson graphite 
electrode 6 inches in diameter. Being pure and able to with- 
stand the high temperature and chlorine without disintegration, 
this material is by far the most suitable which can be used for 
constructing the furnace. 

In operation the volts and amperes vary when the cathode is 
raised, but the following rough furnace record will give a pretty 
close average of the working conditions: 


Grams Current 
Run. Date, 1904. Volts. Amperes. Hours. calcium. efficiency. 
Bpcescsacevescseoses July 12 20 105 40 
BD ocseuctaceoasivowss an 15 160 4 200 41.9 
Ri oh aed geuyaouaes +S ee 14 175 8 225 21.5 
Bessossicxapeeanowse i | 22 125 6 150 26.8 
Bis siecsssaveiacvess ee a 19 160 6 295 41.2 
Dine csurenssaveseee e <2t 18 180 5 150 22.3 
Fc siswaivcasveseesss * 322 19 185 4 125 22.6 
AGUA 65 205;ca'sinsn caciteds Saswemvacnsdenasenesyeomeee canines 1185 


Taking account of the different length of runs and averaging 
we get for runs 2 to 7: 


Average volts......... ee oy 
. amperes.... = 163.0 
J efficiency... = 29.1 per cent. 


On finally weighing the total yield of clean calcium there re- 
mained 1050 grams. Adding 35 grams for loss by oxidation, 
analysis and samples (= 1085 grams), the efficiency becomes 
1085 
1185 

If covered by an inverted graphite crucible, the furnace can be 
left cold for more than forty-two hours, and then started again in a 
couple of minutes without the least trouble by drawing an arc 
between the iron cathode and graphite anode at the surface of the 
solid calcium chloride which immediately melts, allowing the iron 


26:5 3X. = 26.6 per cent. 
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end to be immersed and moved slowly to the centre of the furnace 
as the zone of fusion widens until it soon extends to the graphite on 
all sides. The sticks of calcium obtained were of irregular shape 
and covered with chloride. The bright metal showed the follow- 
ing composition, found by an analysis of the piece used in the 
tension and conductivity tests: 


Per cent. 

Sis cas cl cvsesnvsn cen ncececaeucet lecvgesssccsnecvorsexseessedaaeesedesavel 0.03 
ON. ccdsccSeccecsintuensesscdonsasaedecnesdundsagnensunsandrencexnetvers 0.02 
PU rccaas canaacageudaasdacs sencaddundead sen cecsdas<sedeanledecvacsgexscos 0.03 
CO ccs idedivavegcnassccedespesqesedeacws sadedauadevancssansavande mentees 98.00 
WWE IS ais sus cadeunenadenewacvenddscsne seas esenaucuscrlcuccaaraaneeas es O.II 
Clyne scecmascocvudserezeuuecssecuaccsdiocacuauccersucedecdseiacaredsass 0.90 
Ohi Ci GUNERE HCE it 2 -scecencnescosse ss ceccccadesauscagasevauesenns 0.91 
100.00 


The product of run No. 5 is shown in Fig. 6. This piece was 
56 cm. (22 inches) long, 0.8 cm. (°/,, inch) least and 3.2 cm. (1+ 
inches) greatest diameter, weighed 295 grams and represented a 
current efficiency of over 40 per cent. Somé of the other pieces 
were of larger diameter. The difficulty experienced until recently 
in making metallic calcium was probably due to the small scale on 
which the operation was tried. The simple and satisfactory opera- 
tion of this furnace would lead one to believe that, technically, 
the process would be still more efficient and easily controlled. A 
furnace five times as large, using about 1200 amperes, would re- 
quire about 8 volts, and the screw mechanism could be electrically 
controlled, keeping the current constant and the product per- 
fectly uniform, as the rotary furnaces of the Union Carbide Co. 
are controlled. A water-cooled shield might be necessary to cool 
the large calcium cathode as it was drawn from the bath. The 
two essential conditions of operation are: 

(1) Rapid withdrawal of the metal formed to increase the yield 
and minimize recombination. 

(2) Narrow temperature limits. The bath must be hot enough 
to deposit the metal molten, not spongy and must be cool enough 
to let it congeai upon the cathode and be raised without breaking 
off. 

To clean the metal most of the chloride was broken off with a 
hammer and the rest dissolved off by leaving the pieces in 95 per 
cent. alcohol over night. Some hydrogen was evolved but the loss 
due to this cause was not very great. To keep the metalfor a 
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long time it was put under oil, dipped in melted paraffin or simply 
put in a dry stoppered bottle. 

An attempt was made to fuse several pieces into one big stick. 
A two-foot length of 1-inch iron pipe was threaded at both ends 
and a cap screwed firmly on one end. The inside was cleaned with 
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Fig. ¢ Fig. 7 
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dilute sulphuric acid and washed with water, alcohol and ether, 
and in it were placed about 300 grams of clean pieces of calcium. 
The whole was heated in a wind furnace to a bright red heat, and 
on looking down into the tube one could see the red-hot molten 
metal which was quite fluid as shown by a thick iron wire used as a 
poker. The upper cap was then screwed on, the tube drawn 
from the fire, its lower end hit smartly on the cement floor several 
times, after which the tube was quickly cooled in water. The 
lower cap was broken off and the walls of the tube cut length- 
wise in the milling machine. When torn apart the two halves, 
split down the centre, displayed a most beautiful mass of large, 
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reddish violet, cubical crystals (Fig. 7). There was much specula- 
tion as to the composition of this peculiar “compound” until the 
following analysis showed it to be over go per cent. calcium: 
Per cent. 
CR sos sone cucey se sceeus «sea ceersevacsessanantaaa sesame wiees 0.03 
SIO as wiensaususevasekteues sa dauctegvuctacapeddasedecudeve sucaearadecs 0.77 
0.46 
0.77 
91.28 
O.II 
1.28 
trace 
Dire usiiloanadeurtderacuuteenes suas Sncecideeteedeasaawddenadeasacumnusede trace 
Ol Gy Gislerenee) <ssscessc.cc+cccedqvssccscce<cacscwstecdcesscasan 5.30 





100.00 


The crystals showed a specific gravity of 1.5425 at 28.1°C. In 
water they evolved hydrogen with an odor of acetylene. Carbon 
was probably extracted from the iron melting-tube, a reaction 
which may be of technical importance for converting pig-iron into 
steel, and the power of calcium to combine with and remove sul- 
phur and phosphorus are very important as is also its strong re- 
ducing action on organic compounds, the reaction being more 
easily controlled and less dangerous than with metallic sodium. 
These crystals were quite soft and were hammered as thin as paper, 
often exploding with a slight flame under the impact of the 
hammer. When filed or cut they showed a brilliant metallic 
lustre, being not as pure a white as silver but slightly yellow. The 
solid metal at times has this same slight vellow tint. The crystals 
near the top of the tube evolved ammonia with water, showing 
that they had combined with the nitrogen in the melting-tube. 

The solid metal can be worked like other metals and is much 
more stable than imagined. It can be heated red-hot continuously 
in a triple Bunsen flame without igniting, but at this temperature 
its texture is like clay and it can be easily squeezed apart with the 
tongs, sometimes igniting at the edges and burning feebly till the 
lime formed smothers the flame. When sent whizzing through the 
air against asbestos, bricks or cement it burns violently with a 
brilliant white light like magnesium and leaves a streak like anti- 
mony. It is not hardened by heating red-hot and plunging into 
water. At 300-400° C. it is as soft as lead and the irregular sticks 
can be easily hammered on an anvil, rolled, swaged or worked into 
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any shape whatever by simply heating from time to time. When 
cold, a bright calcium surface becomes dull rapidly in ordinary air, 
but if hot the metal can be brightened with a file or polished in the 
lathe with emery cloth and will remain bright as long as it is hot. 
About 300 grams of fine bright specimens were prepared as follows: 
A glass cylinder and its stopper were put in an air-bath, gradually 
heated and kept at 150°C. The calcium was kept hot on a stove 
plate and the pieces polished one at a time and put in the cylinder 
in the air-bath where they kept bright till all were polished. A 
little paraffin was rubbed around the stopper and the cylinder 
closed. In this dry air they have lost none of their lustre and their 
bright surfaces are as distinctly metallic as those of any other 











Fig. 8. 


metal. Fig. 8 shows the cylinders of crystals and solid metal 
and a 6-inch stick of polished calcium. 
SPECIFIC GRAVITY. 

The density ot oil was determined by a pycnometer and from 
weighings of a bright piece of calcium in air, and in this oil its 
specific gravity was found to be 1.5446 at 29.2° C., which is com- 
pared with some other metals in the following table: 


DAS Sones saccaveee 0.59 NDEs asegebodse 6.76 1 Cea RPOE ST 10.505 
IS tanec seuances 0.87 | Rae 7.00 PD) coessssdcnsesss 11.38 
INA ccccasesace 0.97 2 See 7.35 BEE sce cet decent 13.58 
BED sistonacacuss 152 BOs acevasaenes 7.93 Atliccavovdecssens 19.258 
MBs secsscccsiss 1.54 CO sicscicvcnesics 8.55 BG accsincasiecens 21.5 
EE sce sessizeses 1.74 SH cscsacsacses 8.89 EE accneccaesveas 22.4 
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CONDUCTIVITY. 


On the milling machine a piece of calcium about 1o cm. long 
was accurately finished on the sides and measured 1.43 X 1.02 cm. 
It was embedded in a block of wood with a mercury cup at each 
end and connected through a 15-ampere Weston ammeter, variable 
resistance and switch with storage batteries. Sharp brass potential 
points near the ends led to a large, very sensitive, horizontal 
D’Arsonval galvanometer whose deflections were read by a tele- 
scope and scale. The value of the galvanometer deflections in 
volts was obtained by using a standard low resistance in place of 
the unknown piece of calcium. The average of several readings 
gave the resistance between points 7.2 cm. apart 19.4 microhms at 
30° C., and 26.7 microhms at 123°C. in a bath of hot paraffin. 

Solving the equations 

Rgp = Ro (1 + 30a) = 19.4 
Ryos = Ro (1 + 1232) 
we get the resistance at 0° C. 


Ry = 16.94 microhms 
and the temperature coefficient 
@ = 0.00457. 
Hence the specific resistance at 0° C. 


sat Be Pa = 3.43 microhms per cm. cube. 

At the mercury cups calcium slowly formed a voluminous 
amalgam. 

In the table below these values for calcium are placed in Sir 
Roberts-Austen’s relative electrical conductivity table and show 
that calcium is the fifth best conductor, being surpassed by silver, 
copper, gold and aluminum, if wires of equal diameter and length 
are compared, but for wires of equal weight and length the order is 
entirely different, calcium being second and exceeding silver by 
67 per cent., copper by 62 per cent., gold by 86 per cent., and 
aluminum by almost 20 percent. This method takes into account 
the specific gravity of the metals and gives the following order of 
conductivity : sodium, calcium, potassium, aluminum, magnesium, 
copper, silver, gold, etc. With purer metal still better results are 
to be expected. 
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Specific Relative conductivity. 
residue 0° C. ; 
microhms per Temperature Similar area Similar weight 





Metal. centimeter cube. coefficient. and length. and length. 
INS: stocdcwanesseustews 1.55 0.00377 100.0 32.5 
MOE vi sicinnxSewcecnsccce 1.59 0.00388 97.6 37-5 
BA vice cessicencconsesee 2.02 0.00365 76.6 13.6 
Pos csiaseeciscsscecss 2.45 0.00390 63.0 80.4 
A Rivesiseadentescwadtcw 3-43 0.00457 45-1 100.0 
1 (aoe eee ere S02  wescssars 39-4 75-5 
IND spcisessssvnosasingees 5.04! 0.00438! 31.4 115.0 
PDs secsciedaycossviawvas 5.22 0.00365 29.6 14.5 
or On G34 seeceeveds 24.4 9.7 
ersescetelssesncecimsewe 7.01! 0.00581! 22:1 86.8 
ASO: Ss cascedesacavaseess OI5 —§ rsesvacei 16.9 6.8 
Be cncoveissavnietoce 10.6 0.00117 14.6 6.3 
BPE cahisconedeceestunsex 10.7 0.00247 14.4 2.3 
SB iecccse aieewtscss 10.7 0.00365 14.4 6.7 
DN his2.codainneaninaldawas' $210, #«§§§ — § siexeeses 12.9 5.0 
PO oss csssnnsisancecns T20  .sasérieees 12:1 3.6 
Die scissaaessserabees TOG = -saacavees g.1 2.6 
2 2) 2 ee 18.4 0.00387 8.4 ie 
PS vai sess scindseesereeis cS) CC cer 4.7 2.8 
SDiseissesceesdssscscins 43.1 0.00389 3.6 1.8 
EA Reis cssessgeeenscees 94.0 0.00093 1.6 0.4 
Bitte cacscormeesanuves BIG.O  —=—§ .srsesesse 1.4 0.5 


An attempt was made to find the specific heat of calcium, but 
the results are too poor for publication. 


TENSILE STRENGTH. 


From the piece of calcium used in the conductivity test a speci- 
men was cut with a hack-saw, finished to 0.458 x 0.135 cm. and 
marked off into half centimeters. The upper end was gripped ina 
vise, and to a hand-vise clamped on the lower end a 50-pound 
weight and empty bucket were freely hung. Sand was poured 
into the bucket and the specimen broke with a total load of 83.5 
pounds, showing a tensile strength of 8,710 pounds per sq. in. or 
612 kg. persq.cm. The elongations in the middle 


Icm. = 23.0 per cent. 
2 “ce = 15.0 ce “oe 
3 “ce II.O “e oe 
5 “ce — 6.6 “ee ae 


The following table shows the comparative strength of some 
metals: 


1 A. Bernini: VV. Cimento, 6, 27, 294 (1903). 








ut 


me 








NITROGEN FROM THE ATMOSPHERE. I415 


Ultimate tensile strength. 





Metal. Lbs. per sq. in. Kg. per sq. cm. 
41,000 2,880 
32,000 2,250 
30,000 2,110 
24,000 1,690 
20,000 1,410 
15,000 1,050 

8,710 612 
7,500 527 
4,600 323 
3,300 232 
3,200 225 
1,000 70.3 





Calcium is harder than sodium, lead or tin, almost as hard as 
aluminum, but softer than zinc, cadmium or magnesium. 

The activity with which strontium and barium recombine with 
their chlorides makes them more difficult to produce. Their 
production was not tried in the furnace just described. There 
are many interesting things to be learned about the alkaline earth 
metals—their isolation, purification and action on gases, solu- 
tions, organic compounds, salts, oxides and metals. The question 
of alloys is a broad one; some might be found of special value be- 
cause of their electrical conductivity, strength or extreme light- 
ness, calcium being only four-sevenths as heavy as the light metal 
aluminum. The manufacture of cyanide and peroxide were uses 
found for metallic sodium, and in like manner uses will be found 
for calcium. It should be of use in the steel industry and for reduc- 
tion purposes. 


UNIVERSITY OF PENNSYLVANIA. 


PREPARATION OF NITROGEN FRO? THE ATMOSPHERE. 
By GEO. A. HULETT. 
Received September 5, 1905. 

NITROGEN is well adapted to operations that require an inert 
gas or atmosphere, and many methods have been proposed for 
preparing it. Von Knorre!' gives a resumé of the methods for 
preparing nitrogen, and studies the conditions for obtaining it, 
free of oxides, by heating a solution of sodium nitrite, ammonium 
sulphate and potassium dichromate. Baxter and Hickley? first 
prepare oxides of nitrogen which are passed through ammonia 


1 Chemische Industrie, 531 and 550 (1902). 
2 Am. Chem, /., 33, 300 (1905). 
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water. The gases then contain an excess of ammonia and are 
caused to interact by passing them over red hot copper, or plat- 
inized asbestos. In these methods care must be exercised to get 
rid of all the nitric oxide, which is a very stable gas. 

Nitrogen prepared from air contains about 1 per cent. of argon 
and allied gases, but it is seldom that these gases are objectionable 
and, although nitrogen forms four-fifths of the atmosphere, the 
methods proposed for removing the oxygen are not very satisfac- 
tory. Commonly red-hot copper is employed but the coat of oxide, 
which soon forms on the copper, renders it ineffective and there is 
then no assurance that the oxygen is all removed. To obviate 
this difficulty the author has employed a large carboy in which a 
jet of hydrogen was allowed to burn until most of the oxygen was 
used up. The gases remaining in the carboy were then displaced 
by water and forced over red-hot copper; thus very little copper 
was oxidized. It seems, however, that the carboy is unnecessary 
for the air and hydrogen may be led directly into the combustion 
tube and allowed to mix just before reaching the hot copper. 
The rate of flow of air and hydrogen is to be regulated and the 
oxidation of copper, or reduction of copper oxide, indicates which 
gas is in excess, so that one may admit the gases in exactly the 
right proportions, and thus prepare nitrogen in unlimited quan- 
tities and at any desired rate. 

The accompanving figure shows the essential details of the 
apparatus. AA is an ordinary combustion tube 2 cm. or over in 
diameter, B is some 20 cm. of copper, made by rolling gauze on a 


D 





core of copper wires so that it completely fills the tube. Beyond 
this is some 20 cm. of copper oxide or thoroughly oxidized 
copper gauze, D. The tube is placed in a combustion furnace 
and both the copper and copper oxide are maintained at a good 
red heat. The double tube for admitting the air and hydrogen is 
passed through the cork c. The hydrogen is introduced through 
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the small porcelain tube H and this hydrogen tube passes through 
a small combustion tube, E E, and is made fast to it by the cork 
d. These two tubes form really an oxyhydrogen blowpipe and 
are held in position by the cork c which closes the combustion 
tube (metal tubes, on account of their heat conductivity and 
heating the cork, are to be avoided). The hydrogen must be 
admitted through the inner tube and burns at the end of this 
tube, H, in the air that comes in through the surrounding tube 
EE. The inner tube is to be of porcelain or some such non- 
fusible material as the end gets very hot, but the surrounding 
tube E E may be of combustion tubing and a little side tube is 
readily blown on. 

These tubes end about 3 cm. from the copper and are adjust- 
able. The flame, which is ignited by the red-hot copper, im- 
pinges on the copper, and brings it to a distinctly higher tem- 
perature than would otherwise be the case, but the good heat 
conductively of copper distributes this heat so that there is no dan- 
ger of melting or cracking the combustion tube at this point. 

After the copper and oxide are at a red heat hydrogen is ad- 
mitted until the copper B is perfectly bright and the oxide 
D shows signs of reducing; then the air is turned on until a 
slight coat of oxide begins to form on the copper. This delicate 
coat, a few centimeters long, is a sensitive indicator allowing one 
to regulate the relative proportions of air and hydrogen to a 
nicety. With a constant air pressure and a good hydrogen generator 
the apparatus will need little attention when once adjusted. 
The resulting gases, nitrogen with 1 per cent. of argon, water 
vapor and a little carbon dioxide, are passed through the washer 
F which contains a_ solution of caustic potash. Some water 
will condense beyond the combustion furnace and the furnace 
must therefore be tilted so that this water will not run back 
and crack the hot tube. The water (about } ce. per liter of nitro- 
gen) may run into the washer / or be removed by a separate 
little tube and cock. 

The following test has been made with this apparatus. A 
second combustion tube furnace with copper foil was joined to 
the delivery tube of the washer / and 50 liters of nitrogen 
passed through the second tube without tarnishing the red-hot 
copper and at the rate of about 3 liters a minute. If oxides of 
nitrogen are formed in small quantities in this apparatus they 
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could hardly escape the 20 cm. of copper which is at a higher 
temperature than ordinary, due to the hydrogen flame impinging 
on it. The gas is as free of oxygen as copper can make it, but if 
collected in an ordinary gasometer, oxygen from the air dis- 
solved in the water of the gasometer will get into the nitrogen, 
so when an exceedingly pure product is required it is best to use 
the gas direct from the washers, and also rubber connections and 
stoppers are then to be avoided. With facilities for compressing 
a gas this nitrogen might be put into cylinders as it can be made 
in unlimited quantities. 


UNIVERSITY OF MICHIGAN, 
June, 1905. 





ON THE CRYSTALLINE ALKALOID OF CALYCANTHUS 
GLAUCUS. 
By H. M. GORDIN, 
Received August 25, 1905. 
(SECOND PAPER.)! 

THE subject of this paper is a continuation of the research 
upon the alkaloid calycanthine, the active principle (according 
to Cushny)? of Calycanthus glaucus. 

In the first paper it was shown that the formula of calycanthine 
is C,,H,,N,+4$H,O, that the alkaloid is a weak monoacid base 
forming a chloroplatinate of normal composition and combining 
with one molecule of the halogen acids, and that it gives some very 
characteristic color reactions. 

In the present paper I wish to report upon the preparation and 
analysis of the salts of calycanthine with the ordinary acids, 
with chlorauric acid and mercuric chloride and upon the first 
attempts to get some idea of the constitution of the alkaloid. 

It will be noticed that the analytical figures for the acid part of 
those salts which could not be washed with the solvent in pres- 
ence of free acid, as in the case of fixed acids and nitric acid, are 
generally slightly too low, showing that some acid is lost upon 
washing away the mother-liquor. 

Calycanthine Nitrate, C,,H,,N..HNO,—As a monoacid base 
calycanthine combines with one molecule of nitric acid. Like 


1 For first paper see Proc. Amer. Pharm, Assoc., 1904, Pp. 345, and this Journal, 27, 144 


(1905). 
2 This Journal, 27, 155. 
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the other salts of calycanthine the nitrate can be recrystallized 
only in the presence of some free acid, but the free nitric acid 
must be washed away completely before drying the salt; other- 
wise it becomes green, even when dried in vacuum over calcium 
oxide, at ordinary temperature. 

For this reason it is difficult to obtain a nitrate containing the 
exact theoretical amount of nitric acid, some of the acid being 
removed in washing the salt with the neutral solvent. 

The best way to prepare a nitrate containing almost the full 
amount of acid required by theory is as follows: The caly- 
canthine is dissolved in ten times its amount of acetone and to the 
solution is added a slight excess of nitric acid diluted with double 
its amount of water. On standing over night most of the nitrate 
crystallizes out. The crystals are washed with acetone and dried 
at ordinary temperature. Two grams of the salt are then dis- 
solved in 30 cc. hot water, and after cooling the solution to about 
60° it is carefully covered with a mixture of 2 cc. dilute nitric 
acid and 73 cc. acetone. The crystals which separate out after 
twelve hours standing are washed with a little acetone (avoiding 
too much unnecessary washing but nevertheless removing all 
the free acid adhering to the crystals) and dried in vacuum over 
calcium oxide. 

The nitrate forms short, stout, snow-white hard prisms, is very 
difficultly soluble in cold water and cold alcohol but easily soluble 
in hot water or hot alcohol, almost insoluble in acetone. When 
heated it assumes a yellow color at 202° and melts at 208° to 209° 
to a red liquid which very soon becomes black. 

In the absence of free acid the nitrate can be boiled with water 
without changing color, but in presence of free mineral acid the 
hot liquid immediately becomes green. In the cold the color is 
developed only slowly when only little free acid is present. The 
analysis gave 17.39 and 17.42 per cent. N. Calculated, 17.75 
per cent. 

That the nitrate loses more acid when recrystallized in absence 
of free nitric acid was shown by an estimation of nitrogen in a 
sample which had been recrystallized from hot water without 
the addition of nitric acid: This gave only 16.30 per cent. N. 

Calycanthine Sulphates—Calycanthine forms two sulphates: 
An acid sulphate containing two molecules of water of crystalliza- 
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tion and a neutral sulphate containing two and a half molecules 
of water of crystallization. 

The acid sulphate can be made by treating calycanthine with 
an excess of sulphuric acid using absolute alcohol or acetone as a 
solvent. The neutral sulphate is formed when dilute sulphuric 
acid is treated with an excess of the alkaloid using water as a 
solvent. Owing to the very difficult solubility of the free alkaloid 
in cold water, the excess of the base can be filtered off and the 
filtrate will contain the neutral salt in solution with only a trace of 
the free calycanthine. 

Both sulphates are extremely easily soluble in water but very 
difficultly soluble in alcohol and almost completely insoluble 
in acetone. The presence of much free acid diminishes con- 
siderably the solubility of the sulphate in cold water. The same 
is true of the hydrochloride which is considerably less soluble 
in presence of much free hydrochloric acid than in water alone. 

Both sulphates are hygroscopic and if weighed out for analysis 
on wet days will be found to contain a little more water than is 
required theoretically, unless the salts are kept in a dry atmos- 
phere. In vacuum over sulphuric acid both sulphates very soon 
lose all their water of crystallization, which they reabsorb on 
exposure to the ordinary atmosphere. The crystalline acid 
sulphate does not change color on standing, but when the water 
of crystallization is removed from the salt it assumes a yellowish 
tint. On exposing the yellowish anhydrous acid sulphate to the 
atmosphere it quickly absorbs water and again becomes snow- 
white. 

The neutral sulphate on standing exposed to the atmosphere 
assumes a yellowish tint, but if kept in vacuum does not change 
color on losing its water of crystallization. 

Calycanthine Acid Sylphate, C,,H,,N,.H,SO,+ 2H,O.—Three 
grams calycanthine were dissolved with the aid of a gentle heat 
in 12 cc. of not very dilute sulphuric acid (25 per cent.) and after 
adding to the still warm liquid 50 cc. absolute alcohol it was 
set aside in a cool place. Crystallization began very soon and 
after about twenty-four hours most of the acid sulphate crystal- 
lized out. The crystals were washed with absolute alcohol 
(avoiding too much washing) and dried at about 25° in the air. 

The acid sulphate forms beautiful snow-white, soft, silky needles 
showing double refraction. When quickly heated to 76° the 
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acid sulphate melts in its own water of crystallization to a thick 
turbid liquid; on further heating, the turbidity disappears at 
about 186° but not very sharply. The lack of sharpnessin the 
melting-point of the crystallized acid sulphate is most probably 
due to a gradual loss of water of crystallization. The anhydrous 
acid sulphate melts sharply at 184°, after having become brown at 
180°. The analysis gave 11.68 and 11.90 per cent. H,O; 10.04 and 
10.02 per cent.S. Calculated, 11.68 per cent. H,O and 10.40 per 
cent. S. 

Calycanthine Neutral Sulphate, (C,,H,,N,),.H,SO,+ 2}H,O.— 
Digest 2.5 grams calycanthine on the water-bath for half an hour 
with 25 cc. of very dilute sulphuric acid (2 per cent.), cool the 
mixture to about 15° and filter off from undissolved base. Add 
to the filtrate 100 cc. acetone and set it aside. In a very short 
time the whole liquid is converted into a mass of crystals. Wash 
the crystals with acetone, avoiding too much unnecessary wash- 
ing, and dry them in the air at about 25°. 

The neutral sulphate crystallizes in the same form as the acid 
salt ; the crystals of the neutral salt seem to be only a little thicker 
than those of the acid salt. Unlike the acid sulphate the crystal- 
lized neutral sulphate does not melt in its water of crystallization 
but melts at 226° to 227°. The anhydrous neutral sulphate 
melts at 229°. The analysis gave 9.01 and 9.46 per cent. H,O; 
6.47 and 6.31 per cent. S. Calculated, 9.16 per cent. H,O and 
6.52 per cent. S. 

Calycanthine Chloraurate——Owing to the easy reduction of 
calycanthine chloraurate the salt can be prepared only in pres- 
ence of considerable free hydrochloric acid and must be washed 
with water containing hydrochloric acid. Under these con- 
ditions a definite chloraurate is formed, having the somewhat 
unusual formula 3(C,,H,,N,.HCI.AuCl,) + 2C,,H,,N,.HCl+ 2$H,O. 
As indicated by this formula the chloraurate is made up of 
the regular salt combined with calycanthine hydrochloride. 
This possibly accounts for the fact that, when the chloraurate is 
dissolved in alcohol and the solution covered with ether, caly- 
canthine hydrochloride, not the chloraurate, soon crystallizes 
out. Attempts to make a normal chloraurate by using an excess 
of gold chloride and pouring the solution of calycanthine hydro- 
chloride into the solution of gold chloride instead of vice versa 
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showed that under all conditions only one chloraurate is formed, 
having the composition given above. 

One gram calycanthine was dissolved in 50 cc. dilute hydro- 
chloric acid (5 per cent.), and to the solution was added a solu- 
tion of gold chloride in dilute hydrochloric acid (5 per cent.) till 
further addition caused no more precipitation. After standing 
a few hours the chloraurate was washed with dilute hydrochloric 
acid (5 per cent.) and dried at about 25°. 

The chloraurate forms beautiful orange-colored microscopic 
needles possessing strong dichroism (orange and yellow) and 
containing 2.5 molecules of water of crystallization. When kept 
in vacuum over dehydrating agents, the salt loses all its water of 
crystallization in a few days and assumes a dull cinnamon color. 
On exposing the anhydrous salt to the ordinary atmosphere, it 
quickly absorbs water and regains the orange color. The crystal- 
line chloraurate melts at 191° to 192° to a thick turbid liquid 
which does not become clear even when heated to 250°. The 
anhydrous salt melts at 196°. 

For an estimation of water of crystallization the air-dried 
(25°) substance was used. The analysis gave 2.22 and 2.29 per 
cent. H,O. Calculated 2.24 per cent. H,O. For the estimation 
of Au, Cl and N the anhydrous substance was used. The analysis 
gave 30.29 and 30.57 per cent. Au; 25.37 and 25.43 per cent. 
Cl; 7.19 per cent. N. Calculated, 30.11 percent. Au; 25.27 per 
cent. Cl; 7.15 per cent. N. 

In order to show that even using a large excess of gold chloride, 
and pouring the solution of calycanthine hydrochloride into the 
gold chloride solution, the same chloraurate is formed, a solution 
of 1 gram calycanthine hydrochloride in 50 cc. dilute hydro- 
chloric acid (5 per cent.) was poured slowly with constant stirring 
into a solution of 5 grams gold chloride in 25 cc. dilute hydro- 
chloric acid (5 per cent.). The salt made in this way had the 
same appearance and behaved in every respect like the chlor- 
aurate made by the other method. An estimation of gold and 
chlorine in this sample also showed it to be identical with the 
other salt, giving 30.52 per cent. Au and 24.90 per cent. Cl. 

On digesting 1 gram calycanthine chloraurate with 25 cc. 
dilute hydrochloric acid (10 per cent.) over night at a temperature 
of 70 to 80°, beautiful yellow scintillating spangles of metallic 
gold separate out. The appearance of these spangles in the 
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reddish liquid is very pretty. The calycanthine in this reaction 
must be converted into some oxidation product which it would 
be interesting to investigate; but, owing to the costliness of the 
reagent a fuller investigation of this reaction is postponed for a 
future date. 

As was shown in the first paper’ and mentioned above, from 
an alcoholic solution of calycanthine chloraurate, ether separates 
out calycanthine hydrochloride. It would be interesting to 
investigate whether the normal chloraurate or simply gold chloride 
is left in the ethereal solution. This problem, too, is left for a 
future investigation. 

Calycanthine Prcrate, C,,H,,N,.C,H,(NO,),.0H + 4H,0.—One 
gram calycanthine was dissolved in 100 cc. water containing 1 per 
cent. sulphuric acid, and to the solution was added an excess of a 
saturated solution of picric acid and enough water until upon heat- 
ing the liquid to boiling, a clear solution was obtained (about 
2000 cc. water were required). The solution was set aside at 
ordinary temperature. After forty-eight hours the picrate was 
washed with a little water and dried at about 25°. 

The picrate forms very pretty, long and flat, silky needles having 
a shining yellow color. It is very difficultly soluble in cold water 
or cold alcohol, a little more soluble in hot water. At 160° the 
salt begins to lose its shining appearance, assuming a livid tint 
and melts at 185° to a black liquid. It loses its water of crystal- 
lization in vacuum over sulphuric acid and then melts at 186° to 
187°. The analysis gave 2.22 and 1.88 per cent. H,O; and 17.31 
per cent. N. Calculated, 2.18 per cent. H,O and 17.02 per cent. 
N. 

Calycanthine Oxalates—As a monoacid base calycanthine 
ought to form a neutral and an acid oxalate. A neutral oxalate 
of normal composition, (C,,H,,N,)..H,C,O,, can be easily pre- 
pared by treating oxalic acid with an excess of calycanthine in 
acetone solution. The neutral oxalate being difficultly soluble 
in cold acetone soon crystallizes out, leaving the excess of free 
base in the acetone solution. 

An acid oxalate of normal composition, C,,H,,N,.H,C,O,, I 
was not able to prepare. On treating calycanthine with an 
excess of oxalic acid, a compound is formed which contains more 
acid than is required for the formation of the neutral oxalate but 

' This Journal, 27, 149 (1905). 
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less than is required for the formation of the acid oxalate of 
normal composition. The compound seems to be a combination 
of the acid oxalate and the free base, and to correspond to the 
formula 3(C,,H,,N,.H,C,O,) +C,,H,,N,+24$H,0. 

Calycanthine Neutral Oxalate, (C,,H,,N.)..H,C,O,—One gram 
crystallized oxalic acid was dissolved in 15 cc. hot alcohol and the 
solution poured into a warm solution of 3.5 grams calycanthine 
in about 50 cc. acetone. After twenty-four hours the crystalline 
neutral oxalate which separated out was washed with a little 
acetone and dried at 25°. 

The neutral calycanthine oxalate crystallizes in small, white 
needles which are difficultly soluble in cold water or cold alcohol, 
easily soluble in hot water or hot alcohol. On prolonged ex- 
posure to the atmosphere the salt assumes a yellowish tint. 
Upon heating, the salt commences to darken at 195° and at 231° 
melts with effervescence. 

For an estimation of oxalic acid the neutral oxalate was dis- 
solved in hot water and decomposed by means of calcium acetate. 
The precipitated calcium oxalate was then titrated in the usual 
way with standardized potassium permanganate, of which each 
cubic centimeter was equivalent to 0.003931 gram anhydrous 
oxalic acid. There was found 20.10 and 20.17 per cent. H,C,O,. 
Calculated for (C,,H,,N,).-H,C,O,, 20.53 per cent. 

These results are slightly below those required by theory, 
owing undoubtedly to loss of some acid in the washing of the 
oxalate with acetone. 

Abnormal Calycanthine Acid Oxalate, 3(C,,H,,N,.H,C,O,)+ 
C,,H,,.N, + 23H,0. 

Two grams calycanthine were dissolved in 30 cc. acetone and 
the solution mixed with a solution of 2.5 grams of crystallized 
oxalic acid in 35 cc. alcohol. The mixture was warmed till the 
solution became clear and then set aside in a cool place. After 
twenty-four hours, a considerable amount of snow-white needles 
crystallized out. The crystals were washed with a little acetone 
and dried in the air. 

The abnormal acid oxalate is easily soluble in water but diffi- 
cultly soluble in alcohol or acetone. It begins to darken at 165° 
and melts with effervescence at 205° to 206°. The analysis gave 
4.18 per cent. H,O and 27.49 per cent. H,C,O, (for the anhydrous 
salt). Calculated for 3(C,,H,,N,.H,C,O,) +C,,H,,N.+ 23H,9, 
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4.45 per cent. H,O and 27.93 per cent. H,C,O, (for the anhydrous 
salt). 

Calycanthine Hydrochloride-Mercuric Chloride, (C,,H,,N,.HC1)s. 
2HgCl,+14H,O.—With mercuric chloride, calycanthine seems 
to form different compounds under different conditions. The 
salt of the above composition was obtained as follows: 1 gram 
calycanthine was dissolved in 100 cc. water acidulated with 
hydrochloric acid, and to the solution was added an aqueous 
solution containing 3 per cent. mercuric chloride till no more 
precipitate was formed. The liquid was then heated on the 
water-bath till it became perfectly clear, and set aside. In about 
half an hour the liquid became turbid and after standing twenty- 
four hours a white curdy precipitate separated out. The pre- 
cipitate was washed with a little water slightly acidulated with 
hydrochloric acid and dried in the air at about 25°. 

To the naked eye the mercury salt looks very much like the 
white precipitate (mercuric animonium chloride, NH,HgCl) of 
the pharmacopoeias, but under the microscope the salt can be 
seen to consist of long, acicular crystals. 

The mercury salt is very difficultly soluble in cold water or cold 
alcohol but quite soluble in these liquids when hot. 

The salt contains 1.5 molecules of water of crystallization 
which is given off, in vacuum, over dehydrating agents. Crystal- 
line, it melts at 184°; anhydrous, it melts at 186 to 187°. The 
analysis gave 2.43 and 2.46 per cent. H,O; 34.00 and 33.90 per cent. 
Hg; 21.49 per cent. Cl (for anhydrous salt). Calculated, 2.23 per 
cent. H,O; 33.34 per cent. Hg; 21.13 per cent. Cl. 

The Hg is a trifle high, owing undoubtedly to some hydro- 
chloride of the alkaloid carried down with the mercuric sulphide. 

The mercury salt cannot be recrystallized without under- 
going a change in melting-point, amount of water of crystalliza- 
tion, mercury and chlorine. 

Calycanthine Tartrates—Attempts to make either a neutral or 
an acid tartrate of calycanthine were not successful. Both salts 
could, of course, be prepared by mixing molecular quantities of 
base and acid in presence of water, in which both tartrates are 
extremely easily soluble, and evaporating the water completely. 
In this way the neutral tartrate can be obtained in solid con- 
dition. 

The acid tartrate could only be obtained in the form of a semi- 
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Solid, very sticky mass. Attempts to obtain the tartrates in 
crystalline form were made as follows: On mixing a solution of 
4 grams tartaric acid in 20 cc. hot alcohol with a solution of 2 
grams calycanthine in ro cc. alcohol containing a little acetic acid 
(to make the calycanthine more soluble) and warming the liquid, 
a clear solution was obtained from which, on cooling, a pasty mass 
of the acid tartrate separated out, adhering strongly to the bottom 
and the sides of the vessel. 

An attempt to prepare a neutral tartrate of a definite com- 
position was made as follows: 1 gram tartaric acid was dissolved 
in 10 cc. alcohol and the solution poured into a warm solution of 
3.5 grams calycanthine in 4o cc. acetone. On gently warming 
the mixture, a clear solution was obtained from which no solid 
substance separated out, even after standing in a cool place for 
forty-eight hours. The liquid was then mixed with 50 cc. ether 
and the white curdy precipitate formed upon the addition of the 
ether collected on a filter, washed with ether and dried in the air. 
The compound thus obtained was extremely easily soluble in 
water and had no definite melting-point, beginning to melt at 
162° but not becoming liquid even at 200°. As the lack of sharp- 
ness in the melting-point indicated indefiniteness of composition, 
an attempt was made to recrystallize the compound. It was 
dissolved in 40 cc. hot alcohol and the liquid set aside. On cool- 
ing, the whole liquid solidified to such a stiff jelly that the vessel 
containing it could be inverted without anything flowing out. 
The jelly was then brought into solution by adding 40 cc. more 
alcohol and warming the mixture. On cooling, the whole again 
solidified to a jelly. No furtherattempts were made to prepare a 
tartrate in an analyzable form. 

Calycanthine Nitrosamine, C,,H,,N,.NO.—Of the two nitrogen 
atoms in calycanthine, one is secondary. This is shown by the 
fact that the alkaloid combines with nitrous acid to form a nitros- 
amine. On mixing a solution of calycanthine hydrochloride 
with a solution of an alkaline nitrite, no reaction can be noticed 
as long as there is no free acid in the solution, but the addition 
of hydrochloric acid to the liquid immediately precipitates the 
insoluble nitroso compound. 

Three grams calycanthine were dissolved in roo cc. dilute 
hydrochloric acid (5 per cent.) and to the solution was added a 
solution of 4 grams sodium nitrite in 50 cc. water and the liquid 
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with the yellow precipitate set aside for about an hour and a half. 
The yellow precipitate was washed with water and dried on 
porous plates. 

The nitrosamine thus obtained forms a greenish yellow floc- 
culent powder completely insoluble in water and very little 
soluble in ether, benzene, alcohol or chloroform. It is easily 
soluble in warm phenol and slowly but completely soluble in 
cold pyridine. In hot pyridine it is extremely easily soluble. 
From its hot solution in pyridine the nitrosamine does not sep- 
arate out on cooling, but addition of much water to the pyridine 
solution precipitates most of the nitrosamine in an amorphous 
condition. 

The nitrosamine can be obtained in a crystalline form. For 
this purpose the amorphous nitrosamine is dissolved in five times 
its weight of warm pyridine, and to the solution an amount of 
alcohol is added equal to twice the amount of pyridine used. 
Water is now slowly added to the liquid till a permanent turbidity 
appears, the liquid warmed till it again becomes clear and then 
set aside in a cool place. After forty-eight hours a good crop of 
soft, short feathery needles of a dull yellow color crystallizes out. 
These were collected, washed with cold alcohol and dried in the 
air at about 25°. 


° and melts 


at 175° to 176° with effervescence. It gives Liebermann’s nitroso 
reaction with great brilliancy. 


The crystalline nitrosamine becomes brown at 172 


The analysis gave C, 60.53 and 59.64; H, 6.38 and 5.82; N, 20.54. 
Calculated, C, 60.02; H, 6.46; N, 20.72. 

While these figures are quite satisfactory, better ones yet could 
possibly be obtained by a second recrystallization of the nitros- 
amine. Lack of material prevented repeated recrystallization. 

From the mother-liquor of the crystalline nitrosamine, a little 
more was obtained by adding more water. This second lot had a 
darker color than the crystals of the first and also had a lower 
melting-point, but on recrystallizing a second time from a mixture 
of pyridine, alcohol and water, the second lot assumed the same 
color and had the same melting-point as the first. 

When the nitrosamine, which is difficultly soluble in methyl 
alcohol, is covered with a mixture of one part of strong hydro- 
chloric acid and two parts methyl alcohol, it immediately goes 
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into solution with a reddish color. The color changes, slowly 
on standing and quickly upon warming the liquid, to a magnificent 
green. If the liquid be diluted with water before it becomes 
green, the nitrosamine is reprecipitated. If the liquid be warmed 
on the water-bath for about fifteen minutes, it still retains its 
green color but can then be diluted with water without the separa- 
tion of the nitrosamine; the addition of sodium carbonate to the 
liquid immediately precipitates a dark amorphous substance. 

If the solution of the nitrosamine in the mixture of methyl 
alcohol and hydrochloric acid be kept for a longer time on the 
water-bath, the green color disappears and a brown tint takes its 
place. If potassium hydroxide be then added to the liquid, 
after diluting it largely with water, a brown crystalline precipitate 
separates out, which will be investigated later. 

Estimation of Methyl Imide tn Calycanthine—Calycanthine con- 
tains one methyl group linked to nitrogen. This was shown by 
Herzig and Meyer’s method. 

0.1989 gram substance gave 0.2348 gram Agl. 

Calculated for (C,,H,,N) =N.CH,, 8.63 per cent. CH,. Found, 
7.56 per cent. CH,. 

The results obtained by this method generally vary according 
to the authors from +3 to—r15 percent. of total alkyl. Hence 
the results obtained are sufficiently accurate to prove the pres- 
ence of an N-methyl group in calycanthine. 

As a secondary base, calycanthine ought to give alkyl and acyl 
derivatives. So far I have not been able to obtain an acetyl 
derivative by means of acetic anhydride or acetyl chloride or a 
benzoyl derivative by means of benzoyl chloride. The alkaloid 
is certainly acted upon by these reagents, as no unchanged caly- 
canthine could be recovered after treating it with acetic anhydride 
or benzoyl chloride. What compounds are produced by these 
reagents I shall try to establish later. 

Methyl iodide converts calycanthine into a mixture of several 
compounds, of which one is a quaternary base not precipitable by 
sodium carbonate. The exact nature of these compounds will 
form the subject of my next paper. 

On digesting calycanthine with sulphuric acid, the alkaloid 
seems to be converted into a sulphonic acid of which a barium 

1 Ber., 27; 319. 
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salt was obtained. The analysis of the sulphonic acid and its 
salts will be reported upon later. 

A new lot of Calycanthus glaucus seeds has been ordered and 
the work is to be continued. 


NORTHWESTERN UNIVERSITY SCHOOL OF PHARMACY. 


DERIVATIVES OF TRIMETHYLPARACONIC AND OF 
CATIPHORONIC ACIDS.? 


By WILLIAM A. NOYES AND HOWARD W. DOUGHTY. 
Received September 25, 1905. 


IN THE last paper on this subject published by oneofus,? a 
brief account has been given of attempts to secure a synthesis of a 
derivative of camphor by the aid of trimethylparaconic acid. 
Such a synthesis has not been obtained, but, although results in 
this direction are negative, since we can no longer continue the 
work together it seems desirable to give a brief account of what 
has been done. 

It had been shown by Noyes and Patterson* that when the 
diethyl ester of trimethylitamalic acid is treated with phosphorus 
tribromide, ethyl bromide is split off and trimethylparaconic ester 
is formed. As the ester used by them was not pure and was not 
at all thoroughly examined, it seemed advisable to repeat the 
experiment, using the dimethyl ester instead of the diethyl ester, 
principally because of the fact that the percentages of carbon and 
hydrogen in the diethyl ester of trimethylitamalic acid and in the 
ethyl ester of trimethylparaconic acid are so nearly the same that 
analysis would not serve to distinguish between them. 


CHa, 


CH,” 

. . 8 
Dimethyl Ester of Trimethylitamalic Acid, , 
CH,—C—CO,C.H, 


C—CO,C,H, 


CH,OH 
—Three times the calculated quantity of methyl iodide was put 
into a small flask, which was so arranged as to be easily connected 


) This investigation was carried out by means of a grant from the Carnegie Institu- 
tion, partly in the laboratories of the Johns Hopkins University and partly in those of 
the Bureau of Standards, Washington, D.C. We desire to express our thanks to each of 
these institutions for the assistance rendered. 

2 Am. Chem. J., 33, 356. 

8 Jbid., 28, 232. 
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with a return condenser by means of a short piece of rubber 
tubing which slipped over the neck of the flask and the end of 
the condenser tube, the latter passing inside the neck of the flask. 
Silver trimethylitamalate’ was then added in small portions. 
After each addition the flask was quickly attached to the con- 
denser until the reaction was finished. At first the reaction was 
a little slow, but after a few portions of the silver salt had been 
added the action became quite vigorous, so that it had to be con- 
trolled by dipping the flask into cold water. After all the silver 
salt had been added, the flask was warmed for two hours on the 
water-bath. The silver iodide was filtered from the liquid and 
washed repeatedly with ether. The filtrate was dried with 
calcium chloride, filtered, and distilled under diminished pressure. 
After the ether had been removed a yellow oil remained which 
boiled at 122-127° under 12 to 14 mm. pressure and at 261-265° 
under atmospheric pressure. The analysis gave: C, 55.82, 55.81; 
H, 7.99, 7.74. Calculated for C,,H,,0;, C, 55.05; H, 8.26. The 
methyl ester of trimethylparaconic acid contains; C, 58.02, H, 
7-59. 

Attempts were made repeatedly and under a considerable 
variety of conditions to replace the hydroxyl of the ester with 
bromine by treatment with hydrobromic acid or phosphorus 
tribromide. In some cases products were obtained containing 
I or 2 per cent. of bromine, but in every case there was either only 
a very trifling replacement of the hydroxyl or the bromine at once 
split off as methyl bromide, giving the methyl ester of trimethyl- 
paraconic acid, as the ethyl ester had done before. 

Attempts to prepare an acetyl or a benzoyl derivative by the 
use of acetyl chloride, benzoyl chloride, or acetic anhydride were 
also unsuccessful. Even heating the ester with acetic anhydride 
in a sealed tube at 165-—180° was not effective. It seems probable 
that the failure to react is due to the manner in which the hydroxyl 
group is related to the rest of the molecule, in space or otherwise.’ 
That the hydroxyl group may react with acetic anhydride under 
favorable conditions has been shown by the preparation of the 
acetyl derivative of trimethylitamalic anhydride.* 


1 Am. Chem. J., 28, 230. 

2 Endemann (Am. Chem. J., 33) has recently drawn the conclusion that abietic acid 
does not contain two hydroxyl groups from the fact that it takes only one acetyl group 
when heated with acetic anhydride in a sealed tube. This inference is probably correct 
but in the light of our experience the evidence cannot be considered as conclusive. 


8 This Journal, 33, 364. 
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We next tried to prepare the acetyl derivative of the ester by 
the successive treatment of the acetyl trimethylitamalic anhydride 
with sodium ethylate and ethyl iodide, hoping to secure the 
following transformations: 


CH, CH, CH, 
Sc—00, >c—CO,Na Pe a 
CH,’ | oo et) CH, | 
CH,—C—CO” CH,—C—CO,C,H, CH —¢— CO,C,H,° 
CH,OC,H,O CH,OC,H,0 6H,0C,H,0 


An examination of the oil which was obtained demonstrated 
that, while the reaction may have proceeded in part as indicated, 
a mixture had resulted from which a pure product could not be 
isolated. 


An attempt to hydrolyze the anhydride with a cold solution of 
sodium hydroxide, followed by the preparation of a silver salt 
and treatment of this with ethyl iodide, was equally unsuccessful. 


It had been hoped that if the acetyl derivative of the ester 
could be secured this might be condensed directly with sodium 
malonic ester, thus: 


“Sc—co,¢,H, 
CH,” 


CH. ss CO,C,H, 

CC 1.CH, 

CH, OC,H,ONa cH 
eae ewe CO, a H, 


Incidentally, we have shown that a similar condensation can be 
effected between amyl acetate and sodium malonic ester, though 
the yield was poor. So far as we are aware an acyl derivative 
has never before been used for a condensation of this type. 

It was found impossible to reduce trimethylparaconic acid by 
the electrolytic method of Mettler,' using lead electrodes pre- 
pared as described by Tafel.? The trimethylparaconic acid was 
recovered unchanged. 


These various attempts to synthesize homocamphoronic acid 
by means of trimethylparaconic acid having failed, we decided 
to turn our attention to other methods of attacking the problem. 

1 Ber., 38, 1745. 

* Ibid , 33, 2214. 
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WORK WITH TRIMETHYLSUCCINIC ACID. 


It seemed possible that a sodium derivative of trimethylsuccinic 
ester might condense with chloracetic ester to give camphoronic 
ester or with {-iodopropionic ester to give homocamphoronic 


ester. 
CH 
Nc_co,.c,H 
r Ne 5 
CH, 
CH,—C—CO,CH, 
Na 


Condensations quite similar to this have been obtained by 
Michael.! 

Eight and one-half grams of the diethyl ester of trimethyl- 
succinic acid were dissolved in a small amount of anhydrous 
ethér and introduced into a tube containing o.9 gram of finely 
divided sodium. Evolution of hydrogen began at once. The tube 
was connected with an upright condenser, the upper end of which 
was protected with a calcium chloride tube. The solution was 
heated at 50° for twenty-two hours, when the sodium had mostly 
disappeared. Seven grams of chloracetic ester were then added. 
The reaction was slow at first, but gas was evolved vigorously on 
heating slightly. The tube was then sealed, after the evolution 
of gas had ceased, and heated at 100° for six hours. The con- 
tents of the tube were dark brown in color, and a large amount of 
solid substance had separated. The resulting product was 
separated in the usual manner by means of water and ether, 
dried and distilled. The distillates, which came over at 105-110° 
and 140-150°, under low pressure were saponified and tested for 
camphoronic acid. No trace of camphoronic acid was found. 
The ammonium salt gave no precipitate with barium chloride, 
but gave a precipitate with calcium chloride, indicating that 
trimethylsuccinic acid had been recovered. 

The action of sodium ethylate and chloracetic ester with the 
trimethylsuccinic ester gave similar results. No camphoronic 
acid was found, and trimethylsuccinic acid was recovered un- 
changed. 

Attempted Condensation with Chloral.—Fittig and Miller’ 


1 Ber., 33» 3747. 
2 Ann, (Liebig), 253, 43. 
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showed that anhydrous chloral condenses with sodium succinate 
and acetic anhydride, giving trichlormethylparaconic acid, and 
furthermore, this acid boiled with barium hydroxide gives the 
barium salt of isocitric acid. 

A similar condensation of chloral with sodium trimethyl- 
succinate would give trichlortetramethylparaconic acid, and if 
this reacted with barium hydroxide in the manner described 
above, the resulting product should be hydroxycamphoronic 
acid. 

Sodium trimethylsuccinate (1 mol.), acetic anhydride (14 mols.) 
and anhydrous chloral (1 mol.) were brought together under 
varying conditions. When heated to 100-110° either in an open 
flask with return condenser or in a sealed tube, there was no de- 
composition, 2. e., no splitting off of chlorine. At 140° the mixture 
was partly carbonized, and at 180° for twenty hours it was entirely 
carbonized. When the substances were mixed together there was 
always considerable evolution of heat, and in the experiments 
in which there was no carbonization there was always an oil 
obtained which boiled at 113-115° under 20 mm. pressure and 
at 222° under atmospheric pressure. This oil proved to be 
chloral diacetate, which is easily prepared by warming acetic 
anhydride and chloral together. The analysis gave 42.57 per cent. 
Cl; calculated, 42.65 per cent 

In all cases where the material was not badly carbonized, 
trimethylsuccinic acid was recovered unchanged, and no other 
definite products could be isolated. 

Concentrated sulphuricacid was used instead of acetic anhydride, 
the mixture being heated in a sealed tube in a boiling water-bath 
for two days. There was some decomposition of the chloral and 
the trimethylsuccinic acid was recovered unchanged. 

As trioxymethylene had given such satisfactory results with 
sodium trimethylsuccinate in the preparation of trimethyl- 
paraconic acid, it seemed possible that the polymeric form of 
chloral, polychloral, might react with sodium trimethylsuccinate 
in the same way. Polychloral (1 mol.), sodium trimethyl- 
succinate (1 mol.), and acetic anhydride (14 mol.) were mixed 
in a sealing tube and, after sealing, heated to 140-160° for two 
hours. The polychloral was decomposed with considerable 
carbonization. Trimethylsuccinic acid was recovered unchanged. 
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Inactive Hydroxycamphoronic Acid.—In the course of the work 
described above, it seemed desirable to have a specimen of in- 
active hydroxycamphoronic acid for direct comparison with the 
synthetic acid which we are endeavoring to prepare. Fortunately, 
we had a considerable quantity of 7-camphoronic acid which was 
previously prepared from synthetic z-camphor.! This served as 
material for the following preparations, in the general plan of 
which the directions of Aschan? in his work on the active form 
of the acid were followed. Since the object of this preparation 
was not the study of the 7-hydroxycamphoronic acids, but the 
securing of a product by which to identify the acid which we 
hoped to synthesize, we made no study of the stereomeric forms 
but proceeded at once to the preparation of 7-camphoranic acid. 

Chloride of t-Bromanhydrocamphoronic Acid.—Five and one- 
tenth grams of 7-camphoronic acid were brought into a sealing 
tube and mixed with 14.6 grams of phosphorus pentachloride, 
the tube being left open at one end. The mixture was warmed 
gently until the somewhat violent reaction was over. On cooling, 
the chloride of the anhydro acid crystallized from the phosphorus 
oxychloride. 3.75 grams of bromine were then added in a small 
bulb with a long capillary stem, and the tube was sealed. It 
was heated at 1oo° for six hours, the color of bromine having 
nearly disappeared in that time. After cooling over night the 
tube opened with considerable pressure. The contents of the tube 
were poured into cold water, and a colorless oil separated, which 
quickly solidified to a crystalline, white, waxy mass, which when 
dried on a porous plate weighed 6.6 grams. It was easily soluble 
in ether, and when crystallized from that solvent, melted at 
123-126°. The analysis gave 38.28 per cent. Cl+ Br; calculated 
for C,H,,O,CIBr, 38.80 per cent. 

The Anhydride of 1-Camphoranic Acid.—Five and eight-tenths 
grams of the chloride of bromanhydrocamphoronic acid were 
boiled with roo cc. of water. The substance melted under water 
and gradually went into solution. The solution was evaporated 
to dryness, and the white, crystalline residue was dried over 
sulphuric acid in a vacuum desiccator. ‘Two and nine-tenths 
grams of this product were heated in a distilling bulb under a 
pressure of 20 mm. The mass melted and lost water rapidly at 


' Am. Chem. J., 27, 430, and 28, 482. 
2 Ber., 28, 20. 
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about 160°. It distilled at 193-194° under 20 mm. pressure. 
The distillate solidified in the receiver to a white crystalline mass, 
very difficultly soluble in ether, and melting at 119-121°. The 
anhydride of the active acid melts at 136-137°.' It dissolved 
readily in water, with acid reaction. Neutralized with ammonia 
it gave a white precipitate with silver nitrate, easily soluble in 
nitric acid. Warmed with ammonia and calcium chloride it 
gave no precipitate. Warmed with ammonia and barium chloride 
it gave a heavy crystalline precipitate. The free acid is not 
extracted from the aqueous solution by means of ether, it being 
alinost insoluble in ether. 

i-Camphoranic Acid.—One and six-tenths grams of the anhydride 
(the distillate described above) were boiled with a few cubic 
centimeters of water for a few minutes. The solution was evap- 
orated to a small volume on the water-bath, and then allowed 
to stand in a vacuum desiccator over sulphuric acid for forty- 
eight hours. The 7-camphoranic acid crystallized in large, square- 
sectioned pyramids. On heating, it partly sublimed and melted 
at 190-191°. The active acid melts at 209-210°.? Analysis: 
I. 0.1182 gram substance required 10.94 cc. N/1o Ba(OH), 
solution for neutralization. Calculated for 7-camphoranic acid, 
10.98 cc. II. 0.1194 gram substance required 11.07 cc. N/1o 
Ba(OH), solution for neutralization. Calculated, 11.05 ce. 
i-camphoranic acid acts as a dibasic acid, the lactone ring not 
being broken by boiling with water nor by treatment with alkalies. 
This agrees with the results obtained by Bredt* in his work on 
the active form. 

The analysis of the anhydride was not satisfactory, probably 
because of the fact that 7-camphoranic acid sublimes to some 
extent when heated, and we had not sufficient material to enable 
us to separate the two products. The analysis gave: C, 53.31, 
53-17; H, 4.99, 5.05. Calculated for C,H,,O,, C, 54.54; H, 5.05. 


JOHNS HOPKINS UNIVERSITY, BALTIMORE. 
BUREAU OF STANDARDS, WASHINGTON. 
June, I¢05. 
| Bredt: Annalen, 299, 152. 

? Bredt : /é7d., 299, 151. 
Lbid., 299, 131. 








ARTIFICIAL DIGESTION EXPERISIENTS.' 
By EDWARD GUDEMAN. 
Received June 23, 1905. 

STUDIES on the influence of colors, preservatives or condiments 
in digestion experiments are generally made in one of two ways, 
by direct feeding to man or animal or by artificial digestion tests. 

The main objection to the feeding experiment is, that geuerally 
the quantities introduced into the system are greatly in excess 
of what is found normally in food products and often ill effects, 
if noticed, are liable to be due to this excess and in long-continued 
exper ments due to a cumulative action of the excess. When the 
quantities are reduced to approximately what is found in the 
average food products, such effects are not observed, especially 
if the color, preservative or condiment contain no directly physio- 
logically active principles and are non-cumulative. The ab- 
normal effects often observed during the administration of colors 
and preservatives, in small amounts, extending over a long 
period, differ in no way from the effects resulting from many of 
the commonly called harmless condiments such as spices, sugar, 
salt, vinegar, alcohol, vegetables colors, etc., when given under 
like conditions as to quantities and time, and such abnormal 
effects produced in the living organism are no criterion by which 
to judge the wholesomeness or harmfulness of the substances 
themselves. 

The strongest objection urged against the artificial digestion 
experiments is, that such tests do not duplicate the complex 
action of the organized system and therefore are not at all con- 
clusive as to what the effect of a color, preservative or condiment 
will be when consumed in a food product or with a food product. 

Such experiments show in a directly numerical comparative 
way what the action is on digestive ferments and it is allowable 
to conclude that a similar relative effect will be produced in the 
organized system. A large number of artificial digestion ex- 
periments have been made by me to determine the relative action 
of substances not natural constituents of food products, as to 
retarding or increasing the digestive power of the ferments pepsin 
and pancreatin. 

Experiments were made with uncoagulated egg albumen, with 
potato starch and a high proteid maize gluten flour. The egg 
albumen was specially prepared by taking the whites of a large 


' Read at the Buffalo Meeting of the American Chemical Society. 
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number of fresh eggs straining through fine cheese-cloth, spread- 
ing on glass plates and drying in a current of air at temperature 
below 40°C. The starch was prepared from picked sound potatoes, 
washed until free from soluble material and air-dried at about 
30° C. The maize gluten flour was prepared from commercial 
gluten meal treating with malt extract, washing to free it from 
soluble substances and drying at about 40°C. During the process 
of preparing this meal, it was heated to 100° C. to destroy any 
possible action of the malt diastase. 

Great difficulties were encountered with the potato starch and 
maize gluten flour experiments, it not always being possible to 
separate the undigested portions. The action of the ferments 
was slow and not uniform, varying from day to day, under con- 
ditions as nearly identical as it was possible to maintain in a 
series of experiments extending over many months. The results 
obtained agreed fairly well with those on the egg albumen, but 
as only a limited number of these tests were successfully cotn- 
pleted, the results are not enumerated and have not been taken 
into consideration in the conclusions drawn. 

The character of the egg albumen, whether neutral, alkaline or 
acid, materially affects the results. Alkaline solutions, caustic 
or carbonated, cannot be used, all results being abnormal, de- 
pending on the amount of alkali present. Neutral solutions 
can only be used if the substances tested are neutral themselves 
or acid. The acid egg albumen solutions give best results and 
are the most rational ones, as these are similar in character to the 
stomach juices. 

The standard solution used for these tests contained 2 per cent. 
dry uncoagulated egg albumen and o.1 per cent. hydrochloric 
acid and was always freshly and daily prepared for each series 
of experiments, from a stock of dry egg albumen. 

Sulphuric and phosphoric acids were found to act as well as 
hydrochloric acid, but preference was given to the latter, being 
the characteristic acid of stomach juices. In the experiments 
with colors, preference was given to acetic acid, as its solvent action 
on many colors was found to be less than that of the mineral acids. 

The egg albumen was dissolved in water, to this was added 
sufficient 5 per cent. acid to give the required acidity, then the 
substance under examination, either dry or suspended or dis- 
solved in a minimum amount of water and finally the required 
amount of the ferment. The mixtures were thoroughly stirred 
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and placed in a water-bath and kept at 35°C. for exactly one 
hour. The temperature was then quickly raised and kept at 
boiling for exactly one-half hour. The hot solution was poured 
on a weighed filter, well washed with boiling water, the residue 
dried at 100° C. and weighed. ‘The difference in weight of egg 
albumen used and residue found, was taken as the amount di- 
gested. The pepsin or pancreatin were suspended in water and 
measured out, generally using one part of ferment to two thousand 
parts of the egg albumen. In no case was sufficient ferment 
used to completely digest all of the egg albumen. No relative 
differences were found between the action of the pepsin and 
pancreatin or the mixture of pepsin and pancreatin. Pancreatin 
reacts more slowly than pepsin or a mixture of the two. The 
proportional interference with digestion was the same for the two 
ferments, and the data given for pepsin hold good for pancreatin. 
The actual amount of egg albumen digested varies with the 
ferments and an increase of ferment decreases the interference 
in every case. Two or more blank checks were run with every 
daily set of tests and the amount digested of the blanks taken as 
1000 and all other data calculated to this basis. Results ob- 
tained are given, the ratio at head of tables giving the proportion of 
egg albumen digested (1000) to substances tested (1,2, 4, ro and 25) 


WITH PEPSIN IN ACID SOLUTION. 





1oon;T, 1000:2. 1000:4. 1000:10. 10¢ 25 
Check blanks............... 1000 1000 IGOO tooo 1000 
SAMCVNC ACIG ». csssuisecsnes 1000 970 920 800 700 
Benzoie|acid.....:..s.s0sce00 1000 1000 g70 goo 750 
BOMCiACIO. c. sscsccsesssicsvess 1000 1000 970 940 850 
Sulphurous acid........... 1000 1000 960 880 530 
Acid sulphite of soda..... 1000 1000 960 goo 850 
SACCHALIMN 6.55) 02 icbeasesises 1000 1000 1000 1000 1000 
USAT ccs scoiscatesacssetasscaes 1000 1000 1000 1000 1000 
Vinegar (cider)... ........ 1000 1000 990 g8o 970 
Alcohol, Cty is.3occese00 1000 1000 980 950 930 
Alcohol, methyl... 1000 1000 1000 980 940 
Salt (NaCl) 1000 1000 1000 1000 950 
Formaldehyde.............. 950 GOON = Tenses = Seaena Vefeecnts 
SINDROY sc cececncacsctsdedtvecs GOO: tierce “Ukesesee (ame: Ope Vtees 
Condensed smoke......... goo 750 SOO sanece 
Creosote 800 700 AOD ricxczesh! ) weecess 





1 The amount of smoke was not determined, being passed into the solution from de- 
structive distillation of hickory chips. A commercial product ‘‘Condensed Smoke” was 
found to contain a large percentage of creosote, oils and other products of destructive dis- 
tillation. No doubt the strong interference with the action of the ferment is mainly due 
to the creosote. 
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The results obtained in acid solution with the sodium salts of 
salicylic, benzoic, boric and sulphurous acids were identical 
with those obtained with the free acids, using sufficient of the 
salts to give the calculated amount of free acids. Used weight 
for weight the interference of the salts was slightly less. 


WITH PEPSIN IN NEUTRAL SOLUTION. 


Tcoo:l. 100074. 
Cheek: Dlat ec... sicn.ccscsccssvacsncceses 1000 1000 
AHO VHC ACI «5 <dvnccveceeduescvaseccvanen 1130 1050 
BOUZONG AGIs accccccscossteweescdeavancis 1150 1080 
ORIG ACIE: 25, ci 5..ccuscoceeane daccdsenses 1150 1080 
Sulphurous acids -.5.5.5.cccssesevceseeses 1130 1070 
SAGCHAEM 5555s saisscesonciesssnndas-seescccses 1000 1000 
SHIN asics.censbaaecesecacesevadacss sates 1000 1000 
Condensed smoke... <...2.. cccccsescoss 850 700 
GUE: i: caves uacacaasseteoscacee vines saa carteaes 1000 1000 












Vinegar 1100 
Hydrochloric acidi..c<scssesesscsscccesse I150 1100 
Salphurice aerd... ...05 -.cccexcences 1100 
PHOSPHOLIC ACI. .<.<..05<scres-cocccscc aes T1co 
INS601@ACIGS, . -.csccesesee<cees 950 
Sodium salicylate 1000 
Sodium DenZoate:..<<.<ccccsssacaonssacees 1000 
Sodium sulphite:..:.<.<;c<sesseses: cewe 1400 
Sodium sulphite acid... 1100 
Soditwin DOGKE: ooo .c5ccsccsceccvuscenceeces 2 1400 
Soditint carbonate: 2.206026. ccccecsecsees I 400 1600 


The egg albumen digested in neutral solution averages about 
87 per cent. of the amount digested under similar conditions in 
acid solution. These figures show that the activity of the fer- 
ment is increased by acids or acid salts, irrespective of kind, 
mineral or organic. The apparent increase with alkaline salts 
is due to the solvent action of the alkali on the albumen. If the 
filtrate after digestion with alkaline salts is made acid and boiled, 
a second separation of dissolved but undigested egg albumen 
takes place and, introducing the correction, it is found that the 
results are abnormal, depending on the amount and kind of 
alkalinity. The corrected figures are always below 1000, show- 
ing that alkalinity retards the activity of the ferment. 

The conclusions drawn from the experiments with pepsin and 
pancreatin were: 

I. In an acid medium, the only preservatives or condiments 
used in these tests which retarded peptic or pancreatic digestion, 
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when in proportion of 1: 400 or less, were salicylic acid, formalde- 
hyde, smoke, condensed smoke and creosote. Of these, salicylic 
acid does not retard the digestion when present in proportion of 
I: 1000. 

II. (a) In a neutral medium acid, preservatives and acid 
condiments increase the factor of digestibility, due to a change 
of the neutral medium to an acid one, and digestion proceeds 
normally as in the acid medium; (6) alkaline preservatives 
change the character of the medium and the results are abnormal, 
the action of the ferment being retarded. 

III. In an alkaline medium, preservatives and condiments 
react abnormally, depending on the degree of alkalinity, the 
action of the ferments being retarded. 

A similar series of experiments were made with colors, rep- 
resenting comimercial products, submitted to me at various 
times for examination. The process was slightly changed, using 
acetic acid solutions and stirring the mixtures continuously 
during digestion, when using insoluble colors. No colored food 
product known to me contains over 1 ounce of color to 100 
pounds of finished product, a proportion of 1: 1600 

Confectionery averages less than 1 part to 25,000 parts, and 
many other saccharine food products (sugar, glucose, etc.) less 
than 1 part of color to 1,000,000 parts of product. Not a single 
one of the colors tested in proportion of 1 part of color to 1600 
parts of egg albumen, was found to affect the peptic nor pan- 
c eatic digestion 7n <2tro. 

The insoluble colors were washed to separate soluble impurities, 
and dried at a temperature below 100°C. All colors were either 
dissolved or suspended in water, and the requisite amount meas- 
ured into the egg albumen solution. With the soluble colors 
the substance digested was figured as the difference between 
the egg albumen used and residue found. With insoluble colors 
the amount digested was taken as the difference between color 
and egg albumen used and residue found. Some of the insoluble 
colors were found to contain insoluble digestible fillers. Some 
of the soluble colors were found to contain soluble digestible 
fillers and a special correction is necessary. The results on such 
colors are omitted from the table and were not considered in the 
conclusions drawn. 

The results obtained were as follows, the ratio of dry egg albu- 
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men (1600) to amount of color used (4, 8, 32 and 160) being 
placed at the head of the table. 


WITH PEPSIN, IN ACETIC ACID SOLUTION. 













1600:4. 1600:8, 1600:32. 1600:160, 
bh Tre) 0) 2 een hincere ae rce 1000 1000 1000 1000 
Mineral Colors. 
Prtissiat (Dies. .05<..ssvess<sovsseace .- 1000 1000 1000 950 
Ulraniarine <oc.cc.s<.cscacsess esgearecesas 950 goo 850 800 
Buriit: Siena c...<c¢cseceasccceresssss 950 goo 850 800 
Chrome yellow...... 959 goo 800 700 
Iron oxide (red) 1000 1000 950 goo 
Animal Color. 
COMIN CRD <oc 205s c.ccscssesvercdseecesnoave 1000 950 goo 800 
Vegetable Colors. 
EPUMIMEIIC cc cpacizessnccasseoasdisasaeaoses 1000 950 goo 750 
ANNALEO ......cccccccscccssccesccccccesecoss 1000 95° goo 750 
PREG own cevloroSecscapenvecsecuaveusemuncs 1000 950 goo 750 
Cladonal red 950 goo 750 
Synthetic Colors. 
Hofmatin’s violet; 3 B........-<.-<<.-. 1000 1000 1000 goo 
PAGS VIQUE bc icsescccncccvsscacsn Recaciees 1000 1000 950° 800 
Bismarck brown. aaaces 1000 1000 1000 950 
ROGUE cx scceencecaccs coc ccncesecnie weccwsden 1000 1000 1000 950 
Fuchsin 1000 1000 g00 
BME O iors cccoccvescaesasecgsveccsssceveesaes 1000 goo 800 
Congo red.. 960 930 880 
Naphthol yellow 950 g20 850 
POMOCRE, “QW 52. <<. <csencenevsecstasacesas 930 goo 800 
Amavanthr red: :.<.cccdecccsesscasesecsees 960 930 goo 
Turmerine yellow 1000 1000 950 





From these results the conclusion is drawn that of the colors 
used only ultramarine, burnt sienna, chrome yellow and ponceau 
2 R. affect artificial digestion with pepsin when used in quantities 
of 1 part of the color or less to 400 parts of the food 

The results also indicate that the synthetic colors are less active 
than animal and mineral colors and not more active than vegetable 
colors. Vegetable and synthetc colors are directly digested by 
pepsin and by pancreatin, and when the amount of color exceeds 
I part to 200 a correction is necessary, increasing the factor of 
digestibility 10 to 40 points. If the direct digestion of a color 
by ferments is considered to show an actual food value, then it is 
found that no differences exist in food value between vegetable 
and synthetic colors. The apparent reduction in digestibility 
of the egg albumen with the mineral colors is due to the neutral- 
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izing or solvent action of the acid or to a direct combination of 
the color with the albumen. In neutral egg albumen solution 
the reduction in digestibility is so slight that same can be ignored 
and the mineral colors considered as inert matter. When the color 
exceeds 1 part to 400 parts of egg albumen, it is often impossible 
to wash the coagulated egg albumen free from color, and a slight 

rror is thereby introduced, but so small that the same has been 
ignored. The action of pepsin and of pancreatin on the colors 
direct can be observed and determined by comparison, with or 
without dilution, of the filtrates from the coagulated egg albumen, 
comparing filtrates before and after treatment with ferments. 
In drawing conclusions from these experiments as to the actual 
efficiency of colors for food purposes it is shown that the synthetic 
colors are less active and retard the action of the digestive fer- 
ments less than any other class of colors, when used in quantities 
to give like shade of color to the food product, due to the fact 
that the coloring power of the synthetic colors is so much more 
intense, from 5 to 100 times as strong as that of vegetable colors, 
and the amount of color required therefore is reduced in the same 
proportion, exactly in the ratio of the comparative color in- 
tensities. 

Artificial digestion experiments can only prove one point and 
are in themselves not sufficient to pass any color, preservative or 
condiment as to its suitability for food purposes. In connection 
with chemical analyses, physiological and feeding tests, they are 
of great value. If a color, preservative or condiment is found 
to retard or otherwise interfere with peptic or pancreatic artificial 
digestion, when used in quantity equal to or less than found in 
food products, such articles must be considered as not suitable 
for food purposes, irrespective of its source, whether natural or 
synthetic, whether of vegetable, animal or mineral origin. 


3 POSTAL TELEGRAPH BUILDING, 
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A NEW BURETTE HOLDER.! 
By A. T. LINCOLN. 
Received July 14, 1905. 
THE INCONVENIENCE of the ordinary forms of clamps now in use 
for holding burettes, has been experienced by nearly every one 


1 This holder was exhibited before the Philadelphia meeting (December, 1904) of the 
American Chemical Society. 
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who has had occasion to support these measuring tubes. By 
means of the burette holder herein described many of these in- 
conveniences have been removed, and it is believed that a very 
simple, inexpensive and effective burette holder has been pro- 
vided. 

The accompanying cut illustrates fairly well the construction 
of the holder. The holder consists of a well-seasoned block of 
wood, 3.5X9X# inches, with the ends notched back about 2 
inches, thus leaving two pieces of wood at each end with a surface 
about three-quarters of an inch wide, against 
which the burettes rest. Two grooves on 
the face of the board are cut parallel for the 
burettes to rest in, and one in the middle 
at the back for the supporting rod. The 
holder is fastened to this rod by means of a 
bolt provided with a staple-head, which 
passes around the rod and can be tightened 
by means of a thumb-nut in front, and hence 
fastened very securely to the rod. These 
grooves into which the supporting rod and 
the burettes fit are all parallel, thus securing 
the proper position of the holder and insur- 
ing that the burettes are always in a vertical 
position and parallel. The burettes are held 
against the wood by means of a piece of 
spring brass about three-quarters of an inch 
wide, which extends across the front of the 
block of wood and at the same time answers the purpose of a 
washer for the nut. It does not require much pressure to keep the 
burettes in place, but this spring can be reinforced by placing a 
second shorter piece of brass over this and having them properly 
fitted. 

A very marked advantage that this holder has, in addition to 
those already mentioned, is the ease with which the burettes may 
be put into or removed from the clamp, as well as moved up or 
bown in case the meniscus happens to become hidden by the 
brass clamp or rendered indistinct by the wood becoming the 
background. 

UNIVERSITY OF ILLINOIS, 

URBANA, ILL. 
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NOTES. 


On the Precipitation of Metallic Gold—The well-known way of 
precipitating gold by ferrous sulphate solution from an acid solu- 
tion of gold chloride or by heating a solution of the latter salt with 
one of potassium nitrite, precipitates the gold as a dull brown 
heavy powder which settles slowly. The following method will 
precipitate the gold in one or two minutes and, strange to say, it 
will be in the form of a precipitate resembling silver chloride. To 
a solution of gold chloride in the proportion of 1 gram of salt to 
30 cc. of water, a stick of potassium nitrite weighing about 5 
grams is added. Then, without allowing it to dissolve, about 5 
cc. of concentrated sulphuric acid are added. Brisk effervescence 
takes place with the liberation of the well-known nitrogen 
peroxide, the solution becoming brown. When the reaction 
has ceased another piece of potassium nitrite is added of the same 
size as the first, and the solution stirred until all reaction has 
ceased. The solution will now be very clear, having a pale blue 
tint while on the bottom of the beaker there will be seen a layer of 
dark brown nodules, which on account of their density can be 
easily separated from the solution by decantation. When dry, 
the color resembles that of ignited cadmium oxide only it is more 
yellow. The nodules are very friable when dry and can be fused 
to a yellow lustrous globule on charcoal with the aid of borax. 

P. E. JAMESON. 


1024 KIMBALL AVE., CHICAGO, ILL. 


Preparation of Phosphorus Duodide—The methods of making 
this substance described in the literature and involving the use of 
yellow phosphorus are unpleasant to use and difficult to manage 
satisfactorily, if any considerable quantity is required. Having 
occasion to use quite a,large quantity of PI, in the preparation of 
some compounds which we needed for other work, the following 
method was adopted as being easy of manipulation, and avoiding 
the violence of the reaction between iodine and yellow phos- 
phorus. 

Fifty grams of iodine are mixed with 4 grams of red phos- 
phorus in a 200 cc. flask. The flask is then heated with a free 
flame until the mixture is thoroughly melted. It is then allowed 
to cool to 60°, and 2.5 grams of yellow phosphorus are added in 
small pieces. When all the yellow phosphorus is added the mass 
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becomes solid. By this means phosphorus iodide can be made 
in any desired quantity quickly and with safety. 
HowarD W. DOUGHTY. 


BUREAU OF STANDARDS, WASHINGTON, D. C. 
May I9, 1905. 


REVIEW. 
RECENT WORK IN BIOLOGICAL CHEMISTRY. 


By P. A. LEVENE. 


Received September 27, 1905. 


THE activity of biological chemists since the time of the ap- 
pearance of the last review (This Journal, March, 1904) was 
still greater than it had ever been before. The principal 
problems for investigation continued to be the same as in pre- 
vious years. However, in the preceding years, the progress was 
more marked in the knowledge of the chemical nature of sub- 
stances having a biological interest. Also in the past year, con- 
siderable contributions were made in this direction, but the work 
was mostly a continuation of that already begun in preceding 
years. Noteworthy for the last year is the renewed interest in 
problems of metabolism and in those of enzyme action. Indeed, 
theories of metabolism totally contradictory to those generally 
accepted were adduced by many writers, and it was suggested 
that the existing principles of nutrition have to be revised. The 
study of enzyme action was very fruitful in its application to the 
study of physiological problems. It was attempted to explain 
the mechanism of many functions by enzyme action. 

The chemical study of the tissue components again was directed 
principally to that of proteid. In preceding years the progress 
of the knowledge of the composition of the proteid molecule was 
achieved through the introduction of Fischer’s method of isolating 
and of separating amino acids. By the aid of Fischer’s process 
it was demonstrated that individual proteids differ in the nature 
and more so in the proportion of the monoamino acids entering 
into their molecules. The study of the proteid molecule has been 
further facilitated by the efforts of Skraup (Z. physiol. Chem., 
42, 274 (1904)). This author has observed that only mono- 
amino acids are readily esterified by treatment with alcohol and 
hydrochloric acid gas, and that many diamino acids, or oxyamino- 
acids remain unchanged by the process. Skraup has made the 
further observation that hydrochloric ethyl esters of amino acids 
are soluble in a mixture of alcohol and ether. Thus it was made 
possible to accomplish a separation of substances which esterify 
readily from those that do not. The last substances could further 
be separated by means of fractional precipitation with phospho- 
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tungstic acid. In this manner Skraup discovered among the 
components of casein several new substances. They belong to 
the following groups: (1) Diaminodicarboxylic acids; diamino- 
glutamic acid, C;H,,O,N., and diaminoadipic acid, C,H,O,N,,. 
(2) Aminoxypolycarboxylic acids; C,H,O;N, aminohydroxy- 
succinic acid, C,H,,N,O,, dihydroxy diaminosuberic acid, C,H,,N,0, 
caseanic acid, CH,,N;O; and caseic acid. 

A substance closely related to Skraup’s caseic acid, was 
discovered also by Fischer and Abderhalden. (Z. physiol. Chem., 
42, 540 (1904)). It has the composition C,,H,,N,O;, and is 
designated by the authors diaminotrihydroxydodecanoic acid. 
And a substance having the composition C,,H,,.N,O; was ob- 
tained from protoalbumose by Levene (Proc. Am. Physiol. Soc., 
Journ. of Physiol., 13). Hydroxyaminosuberic acid and hydroxy- 
diaminosebacic acids were isolated also by Wolgemuth from the 
nucleoproteid of the liver (Ber., 3'7, 4362 (1904)). 

Thus it has been established that the number of components 
of the proteid molecule is greater than hitherto accepted. 

Also in the knowledge of the chemical nature of the individual 
components considerable progress has been made. Thus Ellinger 
(Ber., 37, 1801 (1904)) has shown that the view of the con- 
stitution of tryptophane generally accepted since the work of 
Hopkins and Cole has to be modified. Hopkins and Cole rep- 
presented tryptophane as skatolaminoacetic acid. According 
to Ellinger, tryptophane has to be regarded as indol-§-amino- 
propionic acid. 

C—CH, 
JN 
HS 'c.CH(NH,)COOH 
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Ellinger. 
The finding is of considerable significance as it contains very 
definite evidence for the assumption that the proteid molecule 
is composed of amino acids of the aromatic as well as of the 
aliphatic series. It is also important for the interpretation of 
the origin of kynurenic acid in the organism. Reference to this 


will be made later. 
The constitution of another very important component of the 
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proteid molecule was the subject of further investigation. It 
was stated in the previous review that Frankel on the ground 
of his investigation arrived at the conclusion that histidine w asa 
a deriv ative. The same author has also assumed that 
the substance contained in its molecule a carboxyl group and one 
primary amino group. Pauly (Z. physiol. Chem., 42, 508 (1904)) re- 
sumed the work of Frankel. He corroborated the assumption of 
Frankel of the existence of a carboxyl group by obtaining the 
methyl ester of the substance. He further demonstrated that of the 
two remaining nitrogen atoms one was present in a secondary and 
the other in a tertiary amino group, as he found that histidine 
is capable of uniting with only two naphthalene sulphochloride 
groups. Further the fact that histidine is capable of combining 
with two atoms of silver, that it is resistant towards acids, and 
that it is easily decomposed by alkaline oxidizing agents seemed 
to Pauly to justify the conclusion, that the substance is an imidazole 
derivative. 

The knowledge of the nitrogenous constituents of the proteid 
molecule was further enlarged by the finding of Ehrlich (Ber., 37, 
1821) that not all the leucine has the composition of a-amino- 
isobutylacetic acid. The isomer is designated by the writer, 
isoleucine. 

Considerable progress has been made, also, in the study of the 
radical of the proteid molecule, which contains sulphur. In the 
preceding review it was mentioned that through the work of 
Friedmann it had been shown that the old assumption of Baumann 

/BS 
that cysteine had the composition CH, ce ——COOH was errone- 
\NH, 
ous, and that the constitution of cysteine was that of a-amino- 
j-thiolactic acid. Paul Meyer and Neuberg and A. Loewy and 
Neuberg have recently made a statement that cysteine occurring 
in urinary calculi differs in its constitution from that of protein 
cysteine, and is isomeric with the latter, being $-amino-a-thiolactic 
acid. They have surmised that in the proteid molecule both 
forms are present, all the more, that other writers had also ex- 
pressed similar views. However, some workers disagreed with 
the conclusions of Neuberg. Gabriel (Ber., 38, 630 (1905)) 
succeeded in obtaining synthetically $-amino-a-thiolactic acid. 
This was achieved by transferring dihydrouracil into the bromine 
compound, and by treating the latter with potassium sulpho- 
cyanide. The sulphocyanide compound was heated in a sealed 
tube at 170° and in this manner isocysteine obtained. Gabriel 
compared a sample of Neuberg’s stone cysteine with the synthet- 
ical isocysteine and found that they were not identical. Also 
Rotera (J. Physiol., 32, 175 (1905)) and Alsberg and Folin 
(Am. J. Physiol., 14, 54 (1905)) failed to corroborate the con- 
clusions of Neuberg. In a more recent article Neuberg and Paul 
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Meyer (Z. physiol. Chem., 44, 472 (1905)) make the statement 
that not all cysteine calculi are composed of stone cysteine. They 
further point out in detail the differences in the chemical and 
in the physical properties of the two forms. Thus, it still remains 
probable that the proteid molecule contains two forms of cysteine, 
although it is not improbable that the two forms found by Neuberg 
in urinary calculi and in the products of hydrolysis of proteids 
are the two modifications of one form originally present in proteid 
material. 

Also the more complex parts of the proteid molecule continued 
to be the subject of further investigation. The substances of 
this group deserving most interest are the protamines. It was 
stated in the previous review that originally Kossel regarded 
protamines as the nucleus of all proteid material. According 
to the first analysis, protamines consisted of arginine, lysine and 
histidine only. However, subsequently the view was modified, 
and very recently Kossel and Dakin reinvestigated the question 
of composition of various protamines (Z. physiol. Chem., 40, 
565 (1904) and 44, 342 (1905)). The authors demonstrated 
that various protamines differed in their composition, but that 
they all contained in their molecule some amino acids. In another 
paper Kossel discusses the origin of protamines (Z. physiol. Chem., 
44, 347 (1905)) in the organism, and there adduces the theory 
that protamines are cleavage products of proteids, protected from 
further cleavage partly by their combination with nucleic acid. 
Thus, according to this view that part of the proteid molecule 
which is composed of the basic substances is characterized by 
greater resistance towards hydrolytic influences. In harmony 
with this view seems to be the finding of Levene, that gelatin- 
peptone is poorer in glycocol, than gelatoses (Z. physiol. Chem., 
41, 8 (1904)). This view seems to find support in the work of 
Siegfried (Z. physiol. Chem., 43, 44 and 46). This author ob- 
tained on hydrolysis of gelatin and of casein by concentrated 
mineral acids substances which resembled in their composition 
protamines, and which were designated as kyrines. The mole- 
cule of glutokyrin derived from gelatin is according to Siegfried 
composed of 1 mol. of arginine, 1 mol. of lysine, 1 mol. of glut- 
amic acid and of 2 mols. of glycocol. Caseinkyrin is com- 
posed of 1 mol. of arginine, 2 mol. of lysine, 1 mol. of glutamic acid. 
Both protamines and kyrines give a distinct biuret reaction. 
However, the biuret reaction of the proteid molecule is not due 
exclusively to the part composed of basic substances. This was 
made clear by the work of v. Fiirth (Hofmeister’s Beitrige, 6, 
296 (1905)). This author studied the products of oxidation of 
proteids by means of permanganate. By precipitation with 
silver nitrate, lead acetate and mercuric acetate he obtained three 
different complex substances. They all gave the biuret reaction. 
The fraction precipitated by lead acetate is characterized by its 
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low proportion of nitrogen and high oxygen. On hydrolysis it 
yields glutamic acid, leucine, benzoic acid and ammonia. Thus 
v. Fiirth arrives at the conclusion that the biuret reaction is not 
dependent on the integrity of the basic group of the proteid 
molecule. 

In connection with the study of the complex components of the 
proteid molecule, reference should be made also to the work of 
Haslam (J. Phystol., 32, 267 (1905)). The author asserts that 
the albumoses obtained according to the process of Pick could not 
be regarded as individual substances. However, they can be 
obtained in a pure condition by repeated reprecipitation by means 
of sodium sulphate at 37°. 

The progress in the knowledge of the composition of proteids 
naturally led to attempts to build up the substances synthetically. 
In the previous review the results of Fischer’s efforts to condense 
various amino acids were reported. The work has been con- 
tinued since then by Fischer and his co-workers. The process of 
Fischer is to combine halogen-substituted acid chlorides with 
amino acids and further substituting the halogen by an amino 
group. In this second communication (Ber., 37, 2982 (1904)) 
the author reports the synthesis of the following substances: 

(1) Dipeptides: Glycylalanine, leucylleucine, glycyltyrosine, 
leucyl-/-tyrosine. 

(2) Tripeptides: Diglycylglycine. 

(3) Tetropeptides: Triglycylglycine, dileucylglycylglycine. 

(4) Pentapeptides: Tetraglycylglycine. 

The polypeptides resemble peptones in that they give the 
biuret reaction, are precipitated by phosphotungstic acid, and are 
capable of being hydrolyzed by means of trypsin. In a further 
communication Fischer in conjunction with Suzuki (Ber., 37, 
2842 (1904)) announces the synthesis of prolinalanine. The sub- 
stance was obtained by the action of alanine on the chloride of di- 
bromvaleric acid, and by the action of ammonia on the substance 
resulting from the foregoing synthesis. The ornithine derivative 
that a priori could be expected to form was not isolated. Further, 
Fischer succeeded in introducing phenylalanine in the molecule of 
polypeptides (Ber., 37, 3062 (1904)). For this purpose phenyl- 
a-brompropionic acid was obtained, this transformed into the 
chloride and acted upon by glycylglycine. Through the action 
of ammonia phenylalanvlglycylglycine was obtained. Fischer 
reports in the same article on the synthesis of phenylalanyl- 
phenylalanine. In another communication from Fischer’s lab- 
oratory Leuchs and Suzuki (Ber., 37, 3306 (1904)) report on the 
synthesis of a series of phenylalanine derivative obtained by the 
same process as the foregoing substances. These authors ob- 
obtained leucylphenylalanine, leucylleucylphenylalanine, alanyl- 
phenylalanine, glycylphenylalanine, leucylglycylphenylalanine 
diglycylphenylalanine. Further progress was attained by Fischer 
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(Ber., 38, 605 (1905)) in that he succeeded in preparing 
the hydrochlorides of amino acid chlorides. Thus there were ob- 
tained the chloride of leucyl chloride, the chloride of alany] chloride, 
the chloride of a-aminobutyryl chloride. 

More complex polypeptides were obtained by Fischer by pre- 
paring chlor-substituted polypeptides. Thus he condensed a- 
bromisocaproylglycylglycine with glycine ester and by treating the 
product with ammonia he obtained leucyldiglycylglycine. Further 
by the action of acetyl chloride and phosphorus pentachloride 
the author obtained hippuryl chloride, and by the aid of this 
substance he obtained benzoyldiglycylglycine ester, substances 
recently obtained by Curtius in a different manner. 

In the same communication Fischer reports on a new pro- 
cess of preparing dipeptides. The method consists of the 
treatment of diacipiperazines at ordinary temperature with the 
calculated amount of alkali. The importance of this finding 
lies in that it makes possible the assumption of the presence in the 
protein molecule of diacipiperazine rings. The fact that proteids 
can be decomposed by the action of enzymes in slightly alkaline 
media into amino acids was regarded as evidence against its 
presence. The finding of Fischer renders the old view no longer 
tenable. The synthesis of polypeptides was accomplished very 
successfully and in a very ingenious manner by Curtius and his 
co-workers (J. prakt. Chem., 70, 57). The result was attained by 
the action of amino acids on acid azides. Acid azides (RCON,) 
are substances obtainable without great difficulty. By this 
process it was possible to condense six glycine radicals. The work 
of Curtius is important not only because it made it possible to 
prepare substances composed of a long chain of amino acids, but 
also for the reason that the polypeptides obtained in this manner 
vield on hydrolysis substances different from those that served for 
the synthesis. By the action of ammonia or amines on acid 
azides under varying conditions substances either of the nature 
of acid amides or of that of urea derivatives are obtained. On 
hydrolysis of these products, substances important from the 
physiological standpoint are obtainable. Thus the urethane 
formed by the action of alcohol on hippurazide gives rise on 
hydrolysis to benzoic acid, ammonia, formaldehyde, carbonic 
acid and alcohol. In this manner glycocol gives rise to form- 
aldehyde. The substance resulting from the action of aniline 
on hippurylalanine breaks down into hippuric acid, ammonia, 
acetaldehyde, carbonic acid and aniline. The same synthesis 
may also serve for the transformation of monoamino acids into the 
diamino derivatives. ‘Thus the substance obtained by the action 
of aniline on the azide of hippurylaspartic acid gives rise among other 
products to diaminopropionic acid, as is seen from the following 
equation: 
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C,H,CONHCH,CONHCHCONHG H, 
| 
CH,NHCONHG,H, + 3H,0 = 


C,H,CONHCH,COOH + NH,CHCOOH + 2C,H,NH, +CO.— 


| 
CH,NH,. 


Further, the urethane derived from the action of alcohol on 
the azide of hippuryl-f-aminobutyric acid gives rise on hydrolysis 
among other products to propylenediamine. 

As already mentioned, the formation of the foregoing sub- 
stances from simple polypeptides is of great significance from 
the biological view-point. The formation of formaldehyde may 
serve to explain the mechanism of sugar formation from proteid. 
Diamino acids and diamines are obtained on hydrolysis of pro- 
teids, and their formation from derivatives of simple polypeptides 
is also of considerable significance. 

The substances already obtained by this process are as follows: 
Curtius and Wiistenfeld (/. prakt. Chem., '70, 73) have obtained the 
benzoyl derivative of aminoacetic acid, of glycylaminoacetic acid, 
bisglycylaminoacetic acid, triglycylaminoacetic acid, tetra- and 
penta-aminoacetic acid. “The acids are fairly insoluble in water, 
but soluble in dilute alkalies forming the corresponding salts, 
they are crystalline, and form a crystalline silver salt. They 
all give a positive biuret test. 

In order to accomplish the synthesis of the complex substances 
each new acid had to be transformed into its hydrazide, 
R.CONH.NH,, and that into the azide. In order to simplify the 
process Curtius and Levy (J. prakt. Chem., 70, 89 (1904)) attempted 
to condense hydrazides with azides. The results were satis- 
factory. Besides glycocol the condensation was accomplished 
with alanine (Curtius and Lambatte, /.prakt. Chem.,'70, 109 (1904)) ; 
the most complex substance obtained is hippurylalanylalanyl- 
alanine. Curtius and von-der-Linden (/. prakt. Chem., 70, 137 
(1904)) further succeeded in condensing a-alanine with glycine by 
means of benzoylalanine azide. The substance obtained in this man- 
ner was benzoylalanylglycylglycine. Another improvement in the 
process was introduced for the purpose of obtaining the derivatives 
of aspartic acid. (Curtius Th. and Curtius Hans, /. prakt. Chem., 
70, 158 (1904)) hippurylaspartic acid was obtained in the usual 
manner. However, for further condensation, it was found 
necessary to dissolve the hippurylaspartic acid azide in aspartic 
ester. In this manner hippurvlasparagylaspartic acid was ob- 
tained. It was also possible to condense hippurazide with (- 
amino-a-hydroxypropionic acid and with /-aminobutyric acid, 
also y-butyric acid with phenylalanine (Curtius and Gumlich, 
|. praki. Chem., 70, 195 (1904) and Curtius and Miiller, /bid., 70, 
223 (1904)). Finally Curtius and Lenhard (J. prakt. Chem., 70, 








1452 REVIEW. 


230 (1904)) succeeded in introducing into the molecule of a 
polypeptide a carbamic acid radical. However, it was impossible 
to introduce more than one such group. The following sub- 
stances of this group were obtained: Phenylearbaminoamino- 
acetic acid, phenylearbaminoglycylglycine, phenylcarbamino- 
bisglycylglycine. 

The successful condensation of amino acids naturally led to an 
effort to improve the process of preparing amino acids. In this 
direction are worthy of note the work of S6érens on (Z. physiol. 
Chem., 44, 448 (1905)) and that of Neuberg and Silbermann 
(Z. physiol. Chem., 44, 147, and 45, 92 (1905)). 

Thus the progress in the knowledge of the simple proteids was 
very pronounced. The study of combined proteids is not marked 
by the same degree of progress. 

The study of nucleoproteids was extended by Wolgemuth to 
that of the liver (Z. physiol. Chem., 37, 475 (1903), 42, 519 
(1904), 44, 530 (1905) and Ber., 37, 4362 (1904)). The author 
succeeded in demonstrating the presence of xylose in the molecule 
of that substance and also of the four purine bases, adenine, 
guanine, xanthine and hypoxanthine. Levene and Stooky (Z. 
physiol. Chem., 41, 404 (1904)) have made it probable that the 
pancreas nucleoproteid was not a derivative of guanilic acid as 
generally accepted, but of a more complex nucleic acid. ‘The 
other points of interest in the study of nucleic acid is the ob- 
servation of Inouye (Z. physiol. Chem., 42, 117 (1904) and that of 
Levene (Z. physiol. Chem., 43, 199 (1904)) that a carbohydrate 
yielding on hydrolysis levulinic acid is present in the molecule 
of all nucleic acids, thus far analyzed. Further progress in the 
knowledge of nucleic acid was attained by the work of Steudel 
(Z. physiol. Chem., 42, 165 (1904) and 43, 402 (1905)) on the 
quantitative analysis of the thymus nucleic acid. Of considerable 
importance is the observation made by Steudel in the course of his 
work, that the yield of cleavage products depends on the nature 
of the acid employ ed for hydrolysis, the most satisfactory 
results being obtained by the use of ‘sulphuric acid. On hydrol- 
ysis with that, acid thymus nucleic acid showed the following 
distribution of its nitrogen: 

As ammonia, 5.20 per cent.; humine, 6.58 per cent.; guanine, 
10.07 per cent.; adenine, 16.39 per cent.; cytosine, 11.47 per cent.; 
thymine, 13.11 per cent. 

Some improvement in the preparation of nucleic acid was 
introduced by Levene (Z. physiol. Chem., 45, 370 (1905)). This 
made possible the quantitative analysis of spleen nucleic acid. 

Most worthy of note is the effort of Burian to elucidate the 
manner in which the components of nucleic acid are combined 
within the molecule (Ber., 37, 696 and 708 (1904)). According 
to Burian the purine ring is regarded as a condensed pyrimidine 
and imidazole. 
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The author explains the property of purines to give the alloxan 
reaction by the presence in their molecule of pyrimidine, and the 
property of the silver salts of purine bases, by the presence of 
imidazole. Burian further refers to the finding of Wallach, 
Rung and Behrend that imidazole gives a very characteristic, 
colored derivative with benzenediazonium chloride. The re- 
action takes place also with substituted imidazoles with one 
exception, namely when the hydrogen in position 7 is substituted. 
The author then proceeded to condense nucleic acid with benzene- 
diazonium chloride, but failed to do so. However, if a cleavage 
of purine bases was caused previous to treatment with the diazo 
compound the typical color reaction took place. On the basis 
of these observations, Burian adduced the theory that the con- 
densation of the diazo compound takes place in position 7 of the 
purine ring, and that in nucleic acid the condensation of purines 
takes place also in position 7. Objection to this assumption was 
raised by Steudel (Z. physiol. Chem., 43, 199 (1904)) who found 
that thymine is also capable of condensing with benzenediazo- 
nium chloride. An attempt to elucidate the manner in which 
the components of nucleic acid are combined in the proteid mole- 
cule was made also by Levene (Z. physiol. Chem., 40, 370 (1904)). 

Still less significant is the progress made in the chemistry of the 
other very important combined proteid of the blood pigment. 
In the preceding review mention was made of the discovery that 
the blood pigment is a pyrrol derivative, and as such is closely 
related to the bile and urinary pigments and chlorophyl. The 
relationship of chlorophyl to the bile pigments was further dem- 
onstrated by Marchlewski (Z. physiol. Chem., 43, 207 (1904) 
and 44, 464 (1905)). The author showed that the substance 
isolated from feces of cattle fed on fresh grass and designated 
phylloerythrin had the same appearance, solubility and absorption 
lines as the bile pigments cholehamatin and bilipurpurin. Worthy 
of note is also the attempt of Buraczewski and of Marchlewski 
(Z. physiol. Chem., 44, 410 (1905)) to obtain synthetically hemo- 
pyrrol, which, according to Nencki and Zaleski, is methylpropyl- 
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pytrol. The imide of propylmalonic acid was subjected to distilla- 
tion with zinc dust. It has been stated in the previous review 
that hemapyrrol on exposure to air is transformed into urobilin, 
The substance obtained synthetically forms on exposure to air 
a reddish brown dye. However, the absorption line of the dye 
differs from that of urobilin. Still more insignificant is the prog- 
ress made in the chemistry of mucoids. However, mention 
should be made here of the work on the presence of a carbohydrate 
group in the proteid molecule. This question was one of con- 
siderable discussion in recent years. The question was reopened 
for discussion by the work of Abderhalden, Bergell and Dérping- 
hause (Z. physiol. Chem., 41, 530 (1904)). The authors analyzed 
serumglobulin, serumalbumin and ovalbumin, and noted that 
the quantity of carbohydrate obtainable from these proteids is 
very insignificant, that on reprecipitation the yield diminishes, 
and that serumalbumin on recrystallization may be obtained 
absolutely free of carbohydrates. The authors are therefore 
inclined to regard the carbohydrate detected by them as a mere 
impurity. In response to the work of Abderhalden, Bergell and 
Dorpinghause appeared the work of Langstein (Wiener Monaish., 
25, 453-463 and Z. phystol. Chem., 42, 171 (1904)). Langstein 
isolated from serumglobulin on treatment with potassium hy- 
droxide or with barium hydroxide a polysaccharide resembling 
Frankel’s albamine. On hydrolysis the substance yielded glucos- 
amine. In his theoretical discussion Langstein advances the view 
that the carbohydrate is present in the proteid molecule in very 
loose combination, analogous to that of water of crystallization 
This admission is very significant, as the previous work of Lang- 
stein more than that of any other investigator rendered strong 
support to the assumption of the presence of a carbohydrate 
group in the proteid molecule, in a glucoside-like form. 

It has been stated already that in the past the work that has 
attracted most attention was that on metabolism. It seemed 
from that work that both the principles of nutrition and the 
views on the mechanism of proteid metamorphoses in the organism 
will have to be revised. The old principles of nutrition were 
based principally on the work of v. Voit. This author formulated 
the requirements for the daily diet of an adult as follows: Pro- 
teid, 118 grams; fat, 56 grams; carbohydrates, 500 grams. 
This diet contained 2810 calories. 

The investigation of Voit was largely of a statistical nature 
based on the observation of the diets of individuals engaged in 
different forms of physical work. In recent years there seems 
to have arisen sufficient cause for the belief that the daily diet as 
formulated by Voit was in excess of the actual requirement of the 
average individual. The investigation of the subject was under- 
taken by Prof. Chittenden and in collaboration with Prof. Mendel 
it was carried out in a very thorough and careful manner (R. H. 
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Chittenden, ‘‘ Physiological Economy in Nutrition,’”’ New York, F. 
A. Stokes, 1904). The observations were made on the author him- 
self, on Prof. Mendel and on the other members of the laboratory 
staff, further on several students actively engaged in college 
athletic work, and finally on a company of soldiers, especially 
commissioned for that purpose. Every one under observation 
was allowed a fairly liberal and varied diet. However, the 
amount of albuminous matter was gradually diminished, until it 
reached a certain minimum. The diet of the author was reduced 
to one consisting of 2000 calories and containing 4o grams of 
proteid material with 6.4 grams of nitrogen. The food of the 
students was reduced to 2500 calories and contained 55 grams 
proteid (8.8 nitrogen) per day, and that of the soldiers to 2500 to 
2600 calories with 7 to 8 grams nitrogen per day. The observa- 
tions extended on a very considerable period of time and every 
one under observation remained in good health. Loss in weight 
was noted only at the beginning of the experiment, during the re- 
maining time it kept unchanged. On the ground of this work, 
Prof. Chittenden arrives at the conclusion that a person in good 
health, and under normal conditions of activity can subsist on a 
diet containing only one-half of the amount of albuminous matter 
which was regarded as an average requirement. The deduction 
is as important as it is new. And the work may prove very 
valuable not only from the theoretical but also from the practical 
therapeutic point of view. But it also ought to be borne in mind 
that every one under observation was continuing the work which 
he had been in the habit of doing and which he was trained to do, 
and further it has to be noted that no individual worked to a con- 
dition of actual fatigue, that wear of tissues in fatigue is out of 
proportion to the amount of work performed. 

The deductions of Chittenden were strongly supported by 
Folin (Am. J. Physiol., 13, 117 (1905)). Folin succeeded in 
reducing the nitrogen elimination to a considerably lower level 
than that in the experiments of Chittenden. This he achieved 
by introducing a diet composed of soluble starch and of cream, 
and containing only 1 gram of nitrogen. On the new diet the 
nitrogen elimination was between 3 to 4 grams per day. How- 
ever, most remarkable is the difference in the proportion of the 
nitrogenous constituents of the urine on the two different diets. 
It can be best seen from the following table showing the com- 
position of the urine of the same individual on the different diet. 


Ordinary diet. Cream-starch diet. 
Volume of urine ........ 1170 cc. 385 cc. 
Total nitrogen........... 16.8 gr. 3.60 gr. 
Urea nitrogeti............. 14.70 gr. = 87.5 per cent. 2.20 gr. = 61.7 per cent. 
Ammonia nitrogen...... 0.49: or. = 3.0 aa 0.42 gr. 11.3 “ 
Uric acid nitrogen...... OI ge. — 81 a 0.09 gr. = 2.5 “ 
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Ordinary diet. Cream-starch diet 
Undetermined nitrogen 0.85 gr. = 4.9 percent. 0.27 gr. = 7.3 per cent. 
POCA SO ccevvesseacssdccses 3.6 gr. 0.76 gr. 
Inorganic SQ, ............ 3327 ero—= 16.00. 0.46 gr. = 60.5 
Ethereal SQ ............05 OQ) St. ==. 15.2 “ O10.gf, = 13.2 
Neutral SO, ...s0050.cc000 0.18 gr. = 4.8 es 0.20 gr. = 26.3 


From this table it is seen that creatinine remains unaltered in 
its absolute quantity under the two diets, but rises in its pro- 
portion to the other constituents. Ammonia elimination has 
nearly the same character. 

Uric acid elimination has also the same character but is less 
constant in its elimination. 

Undetermined nitrogen is depressed on the cream-starch diet, 
but its proportion to the other constituents is raised. 

Urea elimination marks the greatest depression both in its 
absolute quantity and in its proportion to the other nitrogenous 
components of the urine. 

Inorganic sulphates show exactly the same variations as urea, 

Neutral sulphur follows exactly the curve of creatinine elimina- 
tion, and ethereal sulphates follow that of uric acid elimination. 

On the ground of these observations Folin accepts two forms of 
protein metabolism existing in the human organism. One is 
variable in its intensity, the other remains constant. The nitrog- 
enous end-products of one form are principally creatinine and 
uric acid, ammonia, neutral and ethereal SO,; those of the other 
are urea and inorganic sulphates. The form of metabolism 
characterized by creatinine elimination is designated by Folin as 
endogenous in distinction to the form characterized by its varia- 
bility and designated as exogenous. The endogenous form rep- 
resents that resulting from tissue activity, the other is that of the 
excessive proteid ingested with the food. Only the endogenous 
form is essential for maintenance of life. The nitrogen output 
caused by that form of metabolism represents the actual nitrogen 
requirement of the organism, all the nitrogen ingested in excess 
of itis unnecessary ballast. A nitrogen elimination of 3 to 4 gramsis, 
according to Folin, in excess of the actual requirement of the average 
man. Onecansee that Folin advocates a diet poorer in proteid ma- 
terial than the diet recommended by Chittenden. Also regarding 
Folin’s work it has to be remarked that it was done with marvelous 
thoroughness. However, the assumption that the most desirable 
form of metabolism is the one resulting in elimination of a urine 
composed as that on the cream-starch diet, needs further con- 
firmation. It is worthy of note that in the advanced stages of 
many pathological forms the urine has the same character as the 
one considered by Folin the most desirable; it is worthy of note, 
further, that uric acid ingested in the organism is removed prin- 
cipally in the form of urea. Recently it was claimed by Czernecki 
that also ingested creatine was removed at least in part in the form 
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of urea (Z. physiol. Chem., 44, 294 (1905)). Furthermore, it is 
very probable that creatine, uric acid and ammonia, though all 
formed in the organism from proteid material, have their own 
cycle of metamorphosis regulated by a special mechanism, in- 
dependent one of another, in the same manner as have carbohy- 
drates and fat. With all that, the work of Chittenden and Folin 
proves that under favorable conditions the average man can 
subsist on a diet much poorer in albuminous matter than re- 
quired by Voit’s formula. 

The process of proteid assimilation has also been the subject 
of new investigation. The manner in which foreign proteid is 
transformed into tissue substance has always been the subject of 
much speculation. In recent years it has been demonstrated 
that proteolytic enzymes of the gastro-intestinal tract were capable 
of decomposing proteid material to its simple crystalline com- 
ponents. It was therefore assumed that ingested albuminous 
matter previous to being assimilated is decomposed into amino 
acids, diamino acids and other simple substances. Loewy and 
Neuberg (Z. physiol. Chem., 43, 338 (1904)), in the course of their 
study on cystinuria, came to the conclusion that the foregoing 
assumption was erroneous. Loewy and Neuberg made the ob- 
servation on their patient that amino acids or diamino acids in- 
gested with the food were not decomposed further in the organ- 
ism, and reappeared in the urine. Their conclusion was that 
proteid material was not decomposed in the organism as far as 
amino acids. Thus far, however, the work of Loewy and Neuberg 
has been contradicted by the investigations of Alsberg and Folin 
(Am. J. Physiol., 14, 54 (1905)), and of Simon (Z. physiol. Chem., 45, 
357 (1905)). 

On the other hand, the view of Loewy and Neuberg finds some 
corroboration in feeding experiments with products of proteid 
hydrolysis by means of enzymes or mineral acids (Abder- 
halden and Rona, Z. physiol. Chem., 42, 528 (1904) and 44, 198 
(1905); Henriquer and Hausen, Z. physiol. Chem., 43, 417 (1905)). 
Thus it has been demonstrated that it was impossible to maintain 
nitrogenous equilibrium by feeding animals on products of the 
acid hydrolysis of proteids. The equilibrium, however, was 
maintained, and even retention of nitrogen was possible when the 
animals were fed on products of tryptic digestion. This differ- 
ence in the food value of the substances obtained from proteid in 
the two different manners may be explained by the assumption 
of the presence among the products of tryptic digestion of sub- 
stances of the nature of polypeptides. 

Mention should be made here also of the fact that the progress 
in the knowledge of proteid chemistry and the improvements 
in the methods of analysis have had their influence also on clinical 
chemistry. The method of isolating amino acids by means of 
$-naphthalene sulphochloride was employed also for urinary analy- 
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sis. By this process Ignatowski (Z. physiol. Chem., 42, 371 (1904)) 
demonstrated the presence of glycocol in the urine in different 
pathological conditions. The method was later improved by Ab- 
derhalden and Lewellys Barker (Z. physiol. Chem., 42, 524) and by 
Erben (Z. physiol. Chem., 43, 320). : 

It has already been mentioned that very important contribu- 
tions were made to the knowledge of enzymes. Of the work on 
the enzymes of the gastro-intestinal tract that of Pawlow and 
Parastschruik deserves special attention (Z. physiol. Chem., 42, 415 
{1904)). These authors come to the conclusion that the proteo- 
lytic and curdling function of digestive secretions belong to one 
enzyme. 

Most of the work of the year was done on the tissue enzymes. 
The discovery of self-digesting power of animal substances was 
reported in the preceding review; mention was made also of 
the importance of the discovery for the interpretation of many 
physiological and pathological phenomena. The work was con- 
tinued on the old lines and extended on a number of tissues by 
Levene (Z. physiol. Chem., 41, 393(1904) ;Am. J. Phystol., 11, 437 and 
12, 276(1904)) and by Mochizuki and Kotake (Z. physiol. Chem., 
43, 165 (1904)) and by Kutscher (Centr/bl. Phystol., 8 (1904); 
Z. physiol. Chem., 43, 93 (1904)). In these investigations at- 
tention was given primarily to crystalline end-products of self- 
digestion. A new contribution to the study of autolysis is found 
in the work of Matthes on the origin of the autolytic enzymes 
(Arch. exper. Path., 51, 442 (1904)). The author investigated the 
autolytic power of tissues of animals after the removal of the 
pancreatic gland. The conclusion Matthes arrived at was that 
they are in their origin independent of the enzymes of the di- 
gestive glands. 

Most striking, however, was the discovery by Kossel and Dakin 
of anew enzyme ariginase and the work on nuclease by Jones and 
others. 

It has been known since the work of Drechsel that part of the 
urea removed by the organism is formed by direct cleavage from 
proteid material. Kossel and Dakin (Z. physiol. Chem., 41, 321 
and 42, 181 (1904)) have demonstrated that this is brought about 
by the action of a special enzyme present in various organs. 
The enzyme could be isolated from liver, kidney, small intestines, 
thymus and lymphatic glands. In muscle and blood the presence 
of the enzyme is doubtful. It is absent in the suprarenals, 
spleen, pancreatic juice and bile. Shiga (Z. physiol. Chem., 42, 
582 (1904)) demonstrated the presence of the enzyme also in 
yeast. The work on nuclein digestion is important for the reason 
that it interprets the mechanism of uric acid formation from 
purine bases. W. Jones (Z. physiol. Chem., 42, 35 (1905)) has 
first communicated his discovery of enzymes capable of trans- 
forming guanine and adenine into xanthine and hypoxanthine, 
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respectively. In a later publication Jones and Partridge (Z. 
phystol. Chem., 42, 343 (1904)) reported further results of their 
investigation, showing the existence of two individual enzymes. 
Schenk arrived at a similar conclusion (Z. physiol. Chem., 43, 406 
(1904)). Independently of Jones the observation of the power 
of the animal organism to transform guanine and adenine into 
xanthine and hypoxanthine, and cytosine into uracil was made 
by Levene (Am. J. Physiol., 12, 276 (1904)). The results of the 
two investigations differed only in one point, viz., according to 
Jones, the spleen contained only one enzyme, adenase, while 
other organs contained also guanase; according to Levene the 
action of the spleen on purine bases did not differ from that of 
any other organ. Nearly simultaneously with the foregoing 
work appeared a communication by Schittenhelm (Z. physiol. 
Chem., 43, 228 (1904)) on purine metabolism in which the author 
communicates observations very similar to those of Levene. In 
a later publication, Schittenhelm (Z. physiol. Chem., 45, 152 
(1905)) reported his failure to find any difference in the action 
of the spleen and liver on the purine bases. 

The discrepancy in the results were finally explained by Jones 
(J. Physiol. Chem., 45, 84 (1905)) who made the observation that 
the organs of animals of different species differed in the character 
of their enzymes. Very important also is the observation of 
Schittenhelm that three enzymes are concerned in the nuclein 
metabolism, one splitting nucleic acid into its components, the 
other a ‘‘desamidirung’’ ferment converting guanine and adenine 
into the corresponding oxypurines and finally an oxidizing 
enzyme, transforming the purine bases into uric acid. The 
oxidizing enzyme is active only in the presence of oxygen. The 
work of Burian (Z. physiol. Chem., 43, 497 (1905)) corroborated 
the observations of Schittenhelm on the formation of uric acid 
from purine bases. 

In the same work Burian has emphasized again an older ob- 
servation of Wiener, that animal organs contain also an enzyme 
decomposing uric acid. 

In connection with guanase and adenase mention should be 
made also of the power of animal organs to remove the amino group 
from amino acids, and substitute in its place a hydroxyl group. This 
observation of Lang (Hojmeister’s Bewtradge, 5, 321 (1904)) may be 
of considerable importance for the interpretation of the mechanism 
of sugar formation from proteid material. 





NEW BOOKS. 

A TEXT-BOOK OF PHYSIOLOGICAL CHEMISTRY FOR STUDENTS OF MEDI- 
CINE. By JoHN H. LONG, M.S., Sc.D., Professor of Chemistry in 
Northwestern University Medical School, Chicago. Philadelphia: P, 
Blakiston’s Son & Co. 1905. 424 pp. Price, $2.50. 

The modest prefatory statement of the author that this book 
is intended for beginners, should not be allowed to encourage the 
idea that it is in any sense an ‘‘elementary”’ treatise of the ordinary 
sort. Although the treatment of the subject-matter tends through- 
out to be distinctly chemical in method, Professor Long has not 
lost sight of the fact that some knowledge of biological science is 
certainly essential to a proper understanding of the chemistry of 
living beings. The general classification of the subject adopted is 
one that will meet with approval. The intimate combination of 
physiological theory, descriptive text and laboratory directions 
which is introduced in this manual is likewise a good one in prin- 
ciple. The chemical components of the body and its nutrient sub- 
stances—termed ‘‘nutritives’”’ instead of nutrients—afford the 
themes for the first section; this is followed by the discussion of 
ferments and the digestive processes, the chemistry of the blood 
and of the various tissues and glands with their special products; 
finally the metabolic changes are elucidated by a study of the pro- 
cesses and products of excretion and the transformation of energy 
in the organism. 

In a text-book which aims to compile only the established facts 
of any science the omission of many controversial questions ought 
not to be criticized unfavorably. Nevertheless, the author’s 
chapter on the proteids is scarcely as satisfactory as many of the 
others. For example, the crystallized proteids and the valuable 
American contributions on plant proteids are barely mentioned. 

The reviewer especially commends the historical treatment as a 
factor of distinct didactic value. The new book has as distinctive 
features the introduction of the recent theories of immunity and 
of the modern physico-chemical methods (cryoscopy, electrical 
conductivity) applicable in physiological work. All the de- 
scriptions of experiments to be done are unusually clear and com- 
prehensive; they might advantageously be greatly increased in 
number, particularly in the chapter on the urine, which seems in- 
adequate. Thus hippuric acid is not mentioned at all. Recent 
American investigations on nutrition are accorded considerable 
space. LAFAYETTE B. MENDEL. 
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